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PREFACE. 



It is rather surprising that^ notwithstanding the great 
number of public edifices executed in stone, and the nu- 

m 

merous Treatises which have been furnished on* the art of 
Carpentry in this and other countries, no work on the prin- 
ciples of Masonry has yet appeared in this country, except 
an attempt on Stone-cutting by General Vallancey, pub- 
lished in London in 1766. The Greneral, though he has 
not avowed it, has copied the diagrams and references from 
a very able work on the subject by De la Rue; and 
though this English publication was originally intended to 
consist of five parts, only one has been given to the public ; 
and that too without inserting the most valuable precepts 
and observations which are to be found in the original. 
And it is still more surprising, when it is considered 
that no department in the art of building affords so great 
a scope for ingenuity, nor stands in need of so great a fund 
of Geometry, as Stone-cutting. 
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To be able to direct the operations of Masonry, taken in 
the full extent of the Art, requires the most profound 
mathematical researches, and a greater combination of sci- 
entific and practical knowledge than all the other execu- 
tive branches in the range of architectural science. 

It was not the intention of the Author in this under- 
taking to give a complete Treatise on Masonry, nor even 
on Stone-cutting, as such a production would far exceed 
the prescribed limits ; but to produce such a Work as he 
hopes will be found of the most essential service in the 
art, in regard both to the methods employed and the 
examples adduced ; most of those in the French publica- 
tions being such as the English workman would never 
meet with in the coiu*se of his practice. 

As this art requires a considerable knowledge both of 
Plane and Solid Geometry, such Problems have been intro- 
duced in practical Geometry as respect the positions of 
lines and points ; and in Solid Greometry are shown the 
properties arising from the intersection of lines and planes 
with each other ; and also the construction of trehedrals 
under* various circumstances. To enable the workman 
to construct the plans and elevations of the various forms 
of arches or vaults, as much of descriptive Geometry and 
Projection has also been introduced, as will be found neces- 
sary to conduct him through the most difficult undertakings. 
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The several branches are so arranged^ that those sub- 
jects which are subsequent, are made to depend on those 
which have preceded them ; and as the most obvious pie- 
thods are not always the most eligible for practice, there 
are given in several instances, for the more ready compre- 
hension of the student, the methods which are best cal- 
culated to explain the principle ; and from these, others 
are deduced, more convenient and expeditious for prac- 
tice. 



The Author has availed himself of the useful precepts 
and observations which are to be met with in the most 
valuable French productions on the Art of Stone-cutting ; 
but, excepting in one or two instances, he has neither 
followed their methods, nor adopted their examples, for 
the reason alluded to ; and farther, he thinks it neces- 
sary to observe, that this Treatise contains several con- 
structions, and many methods which are nowhere else 
to be found. 

The examples which have been chosen are not nume- 
rous, nor are they subjects of mere curiosity, but those of 
elegance and utility in the construction of mansions^ 
bridges, and other public works. 

To conclude : the following Work is the first and only 
one in English, on the Art of Stone-cutting ; and such a 



vm PREFACE. 

puUication has been long and eagerly sought after. The 
Author indulges the hope, from the experience he has 
had in treating other subjects intimately connected with 
the present, that the contents of the Work wUl be found 
to be interesting, the instructions and diagrams easily un- 
derstood, and therefore that the performance will not 
disappoint his reader. 
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CHAPTER I. 



PRACTICAL GEOMETRY, ADAPTED TO MASONRY AND 

STONE-CUTTING. 

SECTION I. 
ON THE POSITION OF LINES AND POINTS. 

As the construction of every complex object in nature 

consists of certain combinations of the simple operations of 

geometry; and as positions cannot be understood without 

angles and parallel lines, it will be necessary to treat of the 

practical part of this science, at least as far as the operations 

of the positions of lines and points are concerned, in order 

to render the constructions and the language of geometry 

familiar to the student in their applications to the principles 

of Masonry. 

PROBLEM L 

From a given point in a given straight line to draw a 

perpendicular. 

Plate L Let AB^ Jig. I, be a given strai^t line^ and c the given 
point. In AB take two equal distances^ cd and ce. From <f as a centre^ 
with any radius greater than cd or ce, describe an arc &tf, and with the 
same radius, firom the point e, describe another arc intersecting the for- 
mer at/, and draw/c, and /c is the perpendicular required. 

B 
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PROBLEM IL 

From the one extremity of a straight line to draw a per- 
pendicular. 

Fig, 2, Let AB be the given straight line, and let it be required to 
draw a perpendicolar from the extremity B. On one side of the line A^ 
take any convenient point c ; and from c> as a centre, with any radius 
that will cut the line, describe an arc dBe, intersecting AB in the point d; 
through c draw the diameter, de, and join eB, and eB is the perpen- 
dicular required. 

PROBLEM IIL 

From a given point out of a straight line to let fall a 
perpendicular. 

Fig. 3. Let AB be the given straight line, and c the given point ; it 
is required to draw a straight line firom c perpendicular to AB. From c, 
as a centre, with any distance that will cut the line AB, describe an arc 
intersecting AB in the points d and e; from d, as & centre, with any 
radius greater than the half of de, describe an arc, and from e, with the 
same radius, describe another arc intersecting the former in /, and draw 
/c, andyb is the perpendicular required. 

The criterion of the truth of the method of Jig, 2. is that of the angle 
in a semicircle being a right angle. 

PROBLEM IV. 

At a given point in a given straight line to make an- angle 

equal to a given angle. 

Fig. 4. Let GBA be the given angle, and LF the given straight line. 
Let it be required to draw a straight line, at the point L, to make an 
angle with the line LF, equal to the angle GBA. From the point B, 
with any radius, describe an arc meeting BA in h, and BC in g; and 
from the point L, with the same radius, describe an arc ik, meeting LF 
in i. Make ik equal to gh, and through k draw the straight line LD, 
and FLD is the angle required. 

PROBLEM V. 

Through a given point / to draw a straight line parallel 
to a given straight line AB. 

Fig. 5. Let / be the given point, and AB the given straight line. 
Draw any straight line fe, meeting AB in e, and draw gh, making the 
angle hgB equal to/*eB. Make gh equal to ef. Through the points/ 
and h draw the line CD, and CD is parallel to AB, as required. 
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PROBLEM VI. 

To draw a straight line parallel to a given straight line 
at a given distance from the given straight line. 

Fig. 6. Let AB be the given straight b'ne ; it is required to draw a 
straight line at a given distance from BC. In AB take any two points 
e and/; from e, with the given distance, describe an arc ^A; and from/, 
with the same distance^ describe another arc ik. Draw the line CD to 
touch the arcs gk and ik, and CD is parallel to AB^ as required. 

PROBLEM VII. 

To bisect a given straight line AB hj a perpendicular. 

Fig. 7* From the point A as a centre, with any radius greater than 
the half of AB, describe an arc cd ; and from B, with the same radius, 
describe another arc intersecting the former at c and d, and draw cd, in- 
tersecting AB in e ; then AB is divided in e, as required* 

PROBLEM VIII. 
Upon a given straight line to describe an equilateral 
triangle. 

Fig. 8. Let AB be the given straight line. From the point A, with 
the radius AB, describe an arc, and from the point B, with the radius 
BA, describe another arc, intersecting the former in C, and draw the 
straight lines GA and CB; then ABC is the equilateral triangle re- 
quired. 

PROBLEM IX. 

Upon a given straight line to describe a triangle, of which 
the sides shall be equal to three given straight lines, pro- 
vided that any one of the three given lines be less than the 
sum of the other two. 

Fig. 9. Let the three given straight lines be A, B, C, and let DP 
be the straight line on which the triangle-is required to be described. 
Make DF equal to the given straight line A. From D, with the radius 
of the line B, describe an arc, and from F, with the radius of the line C, 
describe another arc, meeting the arc described from D in the point £. 
Draw ED and EF, then DEF is the triangle required. 

PROBLEM X. 

Given the base and height of the segment of a circle to 
find the centre of the circle, and thence to describe the arc. 

B 2 
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CHAPTER I. 



PRACTICAL GEOMETRY, ADAPTED TO MASONRY AND 

STONE-CUTTING. 

SECTION I. 
ON THE POSITION OF LINES AND POINTS. 

As the construction of every complex object in nature 

consists of certain combinations of the simple operations of 

geometry; and as positions cannot be understood without 

angles and parallel lines, it will be necessary to treat of the 

practical part of this science, at least as far as the operations 

of the positions of lines and points are concerned, in order 

to render the constructions and the language of geometry 

familiar to the student in their applications to the principles 

of Masonry. 

PROBLEM I. 

From a given point in a given straight line to draw a 

perpendicular. 

Plate I. Let AB> Jig. I, be a given straight line, and c the given 
point. In AB take two equal distances, cd and ce. From ^ as a centre, 
with any radius greater than cd or ce, describe an arc at/, and with the 
same radius, from the point e, describe another arc intersecting the for- 
mer at/, and draw/c, and/c is the perpendicular required. 

B 
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PROBLEM II. 

From the one extremity of a straight line to draw a per- 
pendicular. 

Fig, 2, Let AB be the given straight line^ and let it be required to 
draw a perpendicular from the extremity B. On one side of the line A^ 
take any convenient point c ; and from c> as a centre, with any radius 
that will cut the line, describe an arc dBe, intersecting AB in the point d ; 
through c dr^w the diameter, de, and' join eB, and eB is the perpen- 
dicular required. 

PROBLEM III. 

From a given point out of a straight line to let fall a 
perpendicular. 

Fig. 3. Let AB be the given straight line, and c the given point ; it 
is required to draw a straight line irom c perpendicular to AB. From c, 
as a centre, with any distance that will cut the line AB, describe an arc 
intersecting AB in the points d and e; from d, as a centre, with any 
radius greater than the half of de, describe an arc, and from e, with the 
same radius, describe another arc intersecting the former in f, and draw 
/c, andyb is the perpendicular required. 

The criterion of the truth of the method of^g, 2. is that of the angle 
in a semicircle being a right angle. 

PROBLEM IV. 

At a given point in a given straight line to make an* angle 
equal to a given angle. 

Fig. 4. Let GBA be the given angle, and LF the given straight line. 
Let it be required to draw a straight line, at the point L, to make an 
angle with the line LF, equal to the angle CBA. From the point B, 
with any radius, describe an arc meeting BA in k, and BC in g ; and 
from the point L, with the same radius, describe an arc ik, meeting LF 
in i. Make ik equal to gh, and through k draw the straight line LD, 
and FLD is the angle required. 

PROBLEM V. 

Through a given point / to draw a straight line parallel 
to a given straight line AB. 

Fig. 5. Let / be the given point, and AB the given straight line. 
Draw any straight line Je, meeting AB in e, and draw gh, making the 
angle hgB equal to /*eB. Make gh equal to ef. Through the points/ 
and h draw the line CD, and CD is parallel to AB, as required. 
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PROBLEM VI. 

To draw a straight line parallel to a given straight line 
at a given distance from the given straight line. 

Fig. 6. Let AB be the given straight line ; it is required to draw a 
straight line at a given distance from BC. In AB take any two points 
e and/; from e, with the given distance, describe an arcgA; and from/, 
with the same distance^ describe another arc ik. Draw the line CD to 
touch the arcs gh and ik, and CD is parallel to AB, as required. 

PROBLEM VII. 

To bisect a given straight line AB by a perpendicular. 

Fig. 7* From the point A as a centre, with any radius greater than 
the half of AB, describe an arc cd ; and from B, with the same radius, 
describe another arc intersecting the former at c and d, and draw cd, in- 
tersecting AB in e ; then AB is divided in e, as required. 

PROBLEM VIII. 
Upon a given straight line to describe an equilateral 
triangle. 

Fig. 8. Let AB be the given straight line. From the point A, with 
the radius AB^ describe an arc, and from the point B, with the radius 
BA, describe another arc, intersecting the former in C, and draw the 
straight lines CA and CB; then ABC is the equilateral triangle re- 
quired. 

PROBLEM IX. 

Upon a given straight line to describe a triangle, of which 
the sides shall be, equal to three given straight lines, pro- 
vided that any one of the three given lines be less than the 
sum of the other two. 

Fig. 9. Let the three given straight lines be A, B, C, and let DF 
be the straight line on which the triangle«is required to be described. 
Make DF equal to the given straight line A. From D, with the radius 
of the line B, describe an arc^ and from F, with the radius of the line C, 
describe another arc, meeting the arc described from D in the point £. 
Draw ED and EF, then DEF is the triangle required. 

PROBLEM X. 

Given the base and height of the segment of a circle to 
find the centre of the circle, and thence to describe the arc. 

B 2 



4 A peactical treatise on [CH. I. 

Fig. 10. Let AC be the base bisect, AC in D by the perpendicular 
BE ; make DB equal to the height, and join the points A and B. Make 
the angle BAE equal to ABE, and the point E is the centre required. 

From the point E, with the radius EA or EB, describe the arc ABC ; 
then ABC is the arc required. 

N.B. The centre must also hare been found by bisecting AB by a 
perpendicular, which would have met BE in the point E. 

PROBLEM XL 

Given two converging lines through a ^ven point in one 

of them, to draw a third straight line^ so that the angles on 

the same side of the line thus drawn, made by this line and 

each of the first two given lines, may be equal to each other. 

Fig» 11. Let the two converging lines be AC and BD, and let A be 
the given point. Draw AE parallel to BD; bisect the angle CAE by 
the straight line AB ; then will the angles CAB and DBA be equal to 
one another. 

For, suppose AE to be produced from A to F, and suppose AC and 
BD to be {HToduced to meet in some point G, then AC would have been 
a line falling upon the two parallel straight lines AF and BD, and con- 
sequently making the angle at G equal to the A angle FAC ; and since 
the three angles of every triangle are equal to two right angles, and 
since the angles FAC, CAB, BAE, are also equal to two right angles, 
and since FAC is equal to the vertical angle of the triangle, the angle 
CAE is equal to the sum of the angles at the base ; and therefore, since 
CAB is half the sum, the angle ABD must be equal to the other half. 

PROBLEM XIL 
Given two converging lines to describe the arc of a circle 
through a given point in one of them, without having re- 
course to a centre, so that the point of convergency may be 
in the centre of the arc. 

Fig. 12. Let AB and EF be the two converging lines, and A the given 
point through which the arc is to pass. Draw AE^ making the angles 
BAE and FEA, equal to each other. Bisect AE by the perpendicular 
CD, and draw AA, making the angles BAA and DAA equal to one ano* 
ther ; then Ah is the chord of the arc, and nh is the versed sine. Sup- 
pose now that the three points A, h, E^ are transferred to A, B, C, Jig. 
13. Join BA and BC. Produce BA to d, and BC to e. Make the edge 
of a slip of wood to the angle dBe. Move the edge dBe of the slip of 
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wood 80 that the point B may be upon A; then move this slip again> so 
that while the part Bd of the edge of the slip is sliding upon the pin at 
A, and the part Be npon the pin at C, a pencil held to the angle B^ will 
describe a carve ; then this curve will be the arc required. 

PROBLEM XIII. 

Given two straight lines to find a third proportionaL 

Fig. 14. From any point A, draw any two straight lines BA^ AC> at 
any angle. Make AB> equal to one of the given straight lines^ and AC 
equal to the other ; and in AB make Ad equal to AG. Join BC and 
draw de parallel to BC, meeting AC in e ; then Ae is the third propor* 
tional required. 

Or if Ae be equal to one of the given straight lines^ and Ad equal to 
the other. Make AC equal to Ad. Join de and draw CB parallel to ed, 
then AB is the third proporti(mal. 

PROBLEM XIV. 

Given a straight line, any how divided, to divide another 
in the same proportion. 

Fig, 15. Draw the lines BA^ AC as in the preceding problem, and 
let AB be the given divided line, d and e being the points of division, 
and let AC be the line to be divided. Join BC and draw eg and dfpoim 
rallel to BC, meeting AC in/and g; then AC is divided in/and g, in 
the same proportion as AB is divided in the points d and e. 

PROBLEM XV. 

Given three straight lines to find a fourth proportional. 

Fig. 15. The angle BAC being made as before; let Ae be equal to 
one of the given lines. Ad equal to a second, and af equal to the third. 
Join df and draw eg parallel to df; then Ag is the fourth proportional.* 



i v^ SECTION II. 



ON THE SP£CI£S, NATURE, AND CONSTRUCTION OP 

CURVE LINES. 

The geometrical orders of lines employed in architecture 
in the construction of arches, are circular and elliptic, and 
occasionally parabolic, hyperbolic, cycloidal, and catenarian 
curves. 
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In houses, the chief lines employed in the construction of 
arches and vaults, are circular and elliptic curves, generally 
a semi, and sometimes less, but seldom or never greater. 
When a circular or elliptic arc is adopted, one of the axes of 
the curve is most frequently situated upon the springing 
line ; but is sometimes placed so as to be parallel to it. The 
most usual portions of circular or elliptic curves are the 
semi ; and in the pointed style of architecture, parabolic 
and hyperbolic curves are very frequently employed. 

In bridge building, besides circular and elliptic curves 
which are the most often used in the construction of stone 
arches, cycloidal curves may also be introduced. In chain 
bridges, or bridges of suspension, not only the circular and 
parabolic curves, but that of the catenarian may be em- 
ployed. The suspending chains necessarily assume the 
form of catenarian curves ; but the road-way may be any 
cufve line whatever ; but as all curves are nearly circular 
at the vortex, it will be better to employ those in the con- 
struction of works which are susceptible of the most easy 
calculation. 

Among the numerous orders of curve lines, the parabolic 
affords the most easy means of computing its ordinates and 
tangents, which will be found necessary in ascertaining the 
rise and inclination of the road-way in all points of the 
curve, from either extreme to the centre of the bridge. 

The base of an arc is that upon which the arc is supposed 
to 3tand ; and the highest point of an arc is that in which 
a straight line parallel to the base would meet the curve, 
without the possibility of coming within the area included 
by the curve and its base, and this point is called the 
summit of the arc. 

■ 

As the curves employed in building are generally sym- 
metrica], therefore they are equal and similar on each side 
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of the summit, and their areas are equal and similar on each 
side of the perpendicular from the middle of the base. 

PROBLEM I. 
To describe a semi-ellipse upon the transverse axis. 

Plate II. Let Aa,fig. \, be the axis major, and let BC bisecting Aa 
peq)endiciilarly in the point C, be the aemi-conjogate axis. 

Upon the straight edge ms of a mle> mark the point m at or near one 
of its ends, and the point / at a distance ; firom m equal to BG, the semi- 
conjugate axis ; and the point ^ at a distance from m, equal to AC or Ca 
the semi-transverse axis ; the distance H being equal to the difference of 
the two axes. To find any point in the curve, place the point k in the 
line BC produced, and the point / in the axis Aa ; and mark the paper 
or plane on which the figure is to be described at the point m. Proceed 
in this manner until a sufiicient number of points are found, and draw 
a curve through them, and the curve will be the semi-ellipse required. 

PROBLEM II. 

Upon a given double ordinate to describe the segment of 
an ellipse, to a given abscissa, and to a given semi-axis in 
that abscissa. 

FigSm 2 and 3. Let Mm be the double ordinate, PH the abscissa, and 
HC the semi-axis. 

Through the centre C, draw Kir parallel to Mm. From either extre- 
mity m of the double ordinate as a centre with the distance HC of the 
given semi-axis, as radius describe an arc intersecting KA: in r. Draw 
mr intersecting HC in q, or produce mr, and HC to meet in ^ ; then mq, 
fig. 2 will be the semi-transverse, and mr the semi-conjugate, and in 
Jig. 3 the contrary will take place, mr will be .the semi-transverse, and 
mq the semi-conjugate ; the two axes being thus found, the curve may be 
described as in the immediately preceding problem. 

PROBLEM in. 

Given two conjugate diameters to find any number of 
points in the curve, and thence to describe it. 

Figs, 4 and 5. Let Aa, B5, be the conjugate diameters. Draw AD 
parallel to BC, and BD parallel to CA. Divide AD and AC each into 
the same number of equal parts. Through the points of division in AC 
draw straight lines from 6, and through the points of division in AD 
draw other straight lines to the point B, meeting those drawn from h in the 
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p<nnt8/> gf A* I^w a cunre line through the pomts A,f, g, h, B which 
will he one quarter of the whole figure. The other three will of course 
be found in the same manner. 

PROBLEM IV. 

To draw a normal, or a line perpendicular to the curve 

of an ellipse at fii given point in the curve. 

Fig. 6. Let the curve be KBa, and. let Aa be the transverse axis> 
and CB the semi-oonjugatei and let it be required to draw aline from the 
point n perpendicular to the curve. With AC the semi-axis major as a 
radius ; from the point B describe an arc> intersecting Aa in the foci^ f, 
f. From the points /^y^ and through the point w, draw/'rf and^e, 
and bisect the angle end^ and the bisecting line nN will be perpendicu- 
lar to the curve as required. 

PROBLEM V. 

To draw a tangent to the curve of an ellipse at a given 
point. 

F^, 6. Let m be the given point. Draw fm^ and produce fm to g^ 
and join the points /^ m. Bisect the angle fmgi and the bisecting line 
T/ will be the tangent required. 

PROBLEM VI. 

The curve of an ellipse being given to find the two axes. 

Fig. 7* Let AMNnm be the given curve within the figure; draw any 
two parallel lines Mm^ Nn . Bisect Mm in o, and Nn in p^ and draw 
the [straight Aopa. Bisect Aa in C, from C as a centre, with any 
radius that will cut the curve : describe the arc rr'^ intersecting the 
curve in the points r, /> and draw the straight line r/. Bisect rt^ in hy 
and through the points h and G draw the line de, then de is the axis 
major; and a line drawn through the point C at right angles to de^ to 
meet the curve on each side of C will be the axis minor. 

PROBLEM VII. 

With a given abscissa and ordinate to describe a parabola. 

JP^. 8. Let AB be the abscissa, and BC the ordinate. Draw CD 
parallel to BA, and AD parallel to BC. Divide CD and CB each into 
the same number of equal parts. From the points 1, 2^ 3 in CD draw 
lines to A, and from the points 1^ 2, 3 in CB^ draw lines parallel to BA^ 
meeting the former lines to A in the points f, g, h. Draw the curve 
CfghA, which will be one half of the parabola^ the other half will be 
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found in the same manner. The radius of curvature at the point A> is 
half the parameter. 

PROBLEM VIII. 

The curve of a parabola being given to find the para^ 
meter. 

Fig. 8. Let CAN be the curve of the parabohi. Bisect BC in the 
point 2, and draw A2 and 2d perpendicular to A2, meeting AB produced 
in (2 ; then Be/ is one fourth part of the parameter. 

For AB : B2:: B2 : Bdy now let AB=:fl, BC=6, then B2=i6, 

hence a\ ^h\\ \b l ^p; whence ap'^h^ or p =: — . 

PROBLEM IX. 

To draw a tangent to any point M, in the curve of a 
parabola. 

Fig. 8. Draw the ordinate PM, and produce PA to q. Make A q 
equal to AP, and draw the straight line q M ; then q M will be the 
tangent required. 

For the subtangent of the curve is double to the abscissa. 

PROBLEM X. 

To form the curve of a parabola by means of tangents. 

Fig. 9. Let AC be the double ordinate. Draw DB bisecting AC^ 
and make DB equal to the abscissa. Produce DB to E> and make BE 
equal to BD. Draw the two straight lines E A and EC. Divide AE 
,and EC each in the same proportion, or into the same number of equal 
parts at the points I^ 2, 3> &c. in each line. Draw the straight lines l-I^ 
2-2^ 3-3, &c. and their intersections will circumscribe the curve of the 
parabola as required. 

Scholium, Small portions of the curves of conic sections, near to the 
vertices, may be described with compasses so as not to be perceptible ; and 
thus^ not only in the parabola^ but in the ellipse ; and, in the hyperbola, 
the radius of curvature at the vertices is half the parameter, which passes 
through the focus. In the parabola, the parameter is a third propor- 
tional to the abscissa and ordinate ; and in the ellipse and hyperbola, 
the parameter is a third proportional to the transverse and conjugate 
axis ; and therefore may be easily found by lines or by calculation on 
large works, such as bridges, &c. 
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SECTION III. 

OF THE POSITIONS OF LINES AND PLANES, AND THE 
PROPERTIES ARISING FROM THEIR INTERSECTIONS. 

A plane is a surface in which a straight line may coin- 
cide in all directions. 

A straight line is in a plane when it has two points in 
common with that plane. 

Two straight lines which cut each other in space, or 
would intersect, if produced are in the same plane ; and 
two lines that are parallel, are also in the same plane. 

Three points given in space, and not in a straight, are 
necessary and sufficient for determining the position of a 
plane. Hence two planes which have three points com- 
mon, coincide with each other. 

The intersection of two planes is a straight line, 

Plate lU. When two planes ABCD, ABFE, Jig. 1, intersect, they 
form between them a certain angle^ which is called the inclination of the 
two planes, and which is measured by the angle contained by two 
Jines ; one drawn in each of the planes perpendicular to their line of 
common section. 

Thus^ if the line AF, in the plane ABEF, be perpendicular to AB^ 
and the line AD^ in the plane ABCD, be perpendicular also to AB^ then 
the angle FAD is the measure of the inclination of the planes ABEF, 
ABCD. When the angle FAD is a right angle^ the two planes are 
perpendicular. 

Fig. 2. A line AB, is perpendicular to a plane PQ when the line 
AB is perpendicular to any line BC in the plane PQ^ which passes 
through the point B, where the line meets the plane. The point B is 
called the foot of the perpendicular. 

A line AB^^g. 3^ is parallel to a plane PQ^ when the line AB is pa- 
rallel to another straight line CD, in the plane PQ. 

If a straight line have one of its intermediate points in common with a 
plane> the whole line will be in the plane. 
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Fig. 10. Let AC be the base bisect^ AC in D by the perpendicular 
BE; make DB equal to the height^ and join the points A and B. Make 
the angle BAE equal to ABE^ and the point E is the centre required. 

From the point E^ with the radius EA or EB^ describe the btc ABC ; 
then ABC is the arc required. 

N.B. The centre must also hare been found by bisecting AB by a 
perpendicular^ which would have met BE in the point E. 

PROBLEM XL 

Given two converging lines through a given point in one 

of them, to draw a third straight line^ so that the angles on 

the same side of the line thus drawn, made by this line and 

each of the first two given lines, may be equal to each other. 

Fig' 11. Let the two converging lines be AC and BD^ and let A be 
the given point. Draw AE parallel to BD ; bisect the angle CAE by 
the straight line AB ; then will the angles CAB and DBA be equal to 
one another. 

For^ suppose AE to be produced from A to F^ and suppose AC and 
BD to be {HToduced to meet in some point Q, then AC would have been 
a line falling upon the two parallel straight lines AF and BD^ and con- 
sequently making the angle at G equal to the A angle FAC ; and since 
the three angles of every triangle are equal to two right angles, and 
since the angles FAC> CAB, BAE, are also equal to two right angles, 
and since FAC is equal to the vertical angle of the triangle, the angle 
CAE is equal to the sum of the angles at the base ; and therefore, since 
CAB is half the sum, the angle ABD must be equal to the other half. 

PROBLEM XII. 

Given two converging lines to describe the arc of a circle 
through a given point in one of them, without having re- 
course to a centre, so that the point of convergency may be 
in the centre of the arc. 

Fig* 12. Let AB and EF be the two converging lines, and A the given 
point through which the arc is to pass. Draw AE, making the angles 
BAE and FEA, equal to each other. Bisect AE by the perpendicular 
CD, and draw AA, making the angles BAA and DAA equal to one ano* 
ther ; then AA is the chord of the arc, and nh is the versed sine. Sup- 
pose now that the three points A, A, E, are transferred to A, B, C, Jig. 
13. Join BA and BC. Produce BA to d, and BC to e. Make the edge 
of a slip of wood to the angle dBe. Move the edge dBe of the slip of 
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wood 80 that the point B may be upon A; then move this slip again> so 
that while the part Bdafihe edge of the slip is sliding upon the pin at 
Ay and the part Be npon the pin at C, a pencil held to the angle B^ will 
describe a carve ; then this curve will be the arc required. 

PROBLEM XIII. 
Given tf^o straight lines to find a third proportional. 

Fig. 14. From any point A, draw any two straight lines BA^ AC> at 
any angle. Make AB^ equal to one of the given straight lines^ and AC 
equal to the other; and in AB make Ad equal to AG. Join BC and 
draw de parallel to BC, meeting AC in e ; then Ae is the third propor* 
tional required. 

Or if Ae be equal to one of the given straight lines^ and Ad equal to 
the other. Make AC equal to Ad. Join de and draw CB parallel to ed, 
then AB is the third proportional. 

PROBLEM XIV. 

Given a straight line, any how divided, to divide another 
in the same proportion. 

Fig. 15. Draw the lines BA, AC as in the preceding problem, and 
let AB be the given divided line, d and e being the points of division, 
and let AC be the line to be divided. Join BC and draw eg and dfpai* 
rallel to BC, meeting AC in/and g; then AC is divided in/and g, in 
the same proportion as AB is divided in the points d and e. 

PROBLEM XV. 

Given three straight lines to find a fourth proportional. 

Fig. 15. The angle BAC being made as before; let Ae be equal to 
one of the given lines. Ad equal to a second, and af equal to the third. 
Join df and draw eg parallel to df; then Ag is the fourth proportional.* 
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ON THE SPECIES, NATURE, AND CONSTRUCTION OP 

CURVE LINES. 

The geometrical orders of lines employed in architecture 
in the construction of arches, are circular and elliptic, and 
occasionally parabolic, hyperbolic, cycloidal, and catenarian 
curves. 
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Two planes are parallel to one another when they cannot intersect in 
any direction. 

The intersections of two paraUel planes with a third are paralleL 
Thus hi/igA, the lines AB> CD comprehended by the parallel plane PQ, 
RS are parallel. 

Any number of parallel lines comprised between two parallel planes^ 
are all equal. Thus the parallel lines Aa, Bb, Cc, , , , • , comprised by 
the parallel planes PQ> RS are all equal. 

If two planes CDEF^ GHIJ^ ^g. 6, are perpendicular to a third 
plane PQ, their intersection AB will be perpendicular to the third 
plane PQ. ^ 

If two straight lines be cut by several parallel planes^ these straight 
lines will be divided in the same proportion. 



SECTION IV. 
OF THE RIGHT SECTIONS OF ARCHES OR VAULTS. 

PROBLEM I. 

To describe the arc of a circle which shall have a given 
tangent at a given point, and which shall touch another 
given arc. 

Plate IV. Let Bk, Jig, I, be one of the given arcs^ and lau the other^ 
and let it be required to describe the arc of a circle, which shall touch 
the arc Bk, in the point k, and the arc lau in some point to be found ; 
let g be the centre of the arc B^. 

Draw gky and make kp equal to the radius of the circle lau. Draw a 
straight line from p to q, the centre of the arc lau, and bisect pq, by a 
perpendicular^ meeting kg in m. Join the points m, q, and prolong mq 
to L It is manifest that mk and ml are equal ; therefore, from m with 
the radius mk or ml describe aa arc kl; then kl will be the arc required. 

PROBLEM II. 

. To describe an oval, representing an ellipse, to any given 
dimensions of length and breadth, given in position. 

Let Aa, Bb, Jig, 2, be the two given lines bisecting each other in 
C ; Aa being equal to the lengthy and Bb to the breadth. 
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Find a third proportional to this semi-axis Ca, CB^* and make ah 
equal to the third proportional ; also find a third proportional to CB, 
Ca,f and make Bg equal to the third proportional. 

Make the angle Bgk equal to about 15°^ and let gk meet Aa in the 
point t. From g with the radius gB, describe an arc Bk,X and from A 
with the radius ha, describe an arc la. Describe the arc kl by the pre- 

* Thus in^^. 3, draw the two lines QA, AH makintg any angle with 
each other ; make ac equal to aC, ^g, 2, and A^ equal to CB,^g. 2, and 
make Ae equal to Ad. Join cd^ and draw ef parallel to cd; then of is 
the third proportional. 

t That is in Jig, 3, moke Ac equal to AG^ or aCJig. 2, and Ad equal 
to GB or Cb, Jig, 2, and make AG equal to Ac and join cd. Draw GH 
parallel to dc ; then AH is the third proportional. 

X Mathematicians have demonstrated that in all the conic sections^ the 
radius of curvature is equal to the cube of the normal^ divided by one- 
fourth of the square of the parameter^ and that this radius at either ex- 
tremity of the axis major^ is half the parameter^ which passes through the 
focus ; and^ moreover^ that the radius of curvature at either extremity of 
the axis minor^ is half the parameter to this axis. Now the focal semi- 
parameter is a third proportional to the semi-axis major and the semi- 
axis minor^ and the parameter of the axis minor is a third proportional to 
the semi-axis minor and the semi-axis major. These parameters are 
found geometrically^ as in fig. 3> or they may easily be found by calcu- 
lations^ by finding the normal from this formula. Thus> if n represent 
the normal^ a the semi-axis major^ and b the semi-axis minor, x the 

abscissa from the centre^ and y the ordinate as usual, then nr;— r 

a' 

^< a*—{a*—b*)x* > and if R represent the radius of curvature, then 



«» 



R zz j-^; by making or = o the expression for the value of the normal 
would become simply b or n:zzb ; therefore the radius of curvature at 
either extremity of axis minor would be y— , ; and if a; = a we should 

then have «= — ; but a : by. b : ip, hence A p = — , or i p* = — r 

a a a 

whence R=: -r-; therefbre the radius of curvature at either extremity of 
the axis minor, is a third proportional to the semi-axis minor and the semi, 
axis major. Again, if a: = a, the equation n =z -g- \/ ^ a*. — (a^ — 6^) x^ > 
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^ceding problem to toach the arc BJ; in ky and to toucb the arc a/ at /^ 
and thus one quarter of the oval will be completed ; the other three will 
be found by pladng the centres in their ]»typer poaitiona. 

Three or more pdjits a, 6> c might easily have been found in the curire. 
Thus draw Ad parallel to B6, wad Bd parallel to €A. Divide Ad into 
four equal parts, and divide AC also into four equal parts at 1, 2, 3. 
From b and through 1, 2, 3 in CA, draw ba, bb, be, and from the points 
1> 2, 3 in Ad, draw lines towards B, to intersect the former in a, b, c, so 
tfiat we may find the radius of curvature upon the sides^ and at the two 
ends^ by finding the centre of a circle passing through three points at 
each extremity^ the extremity being the middle point. 

Figi 4 exhibits the use of this method of describing an oval> in finding 
the direction of the joints of arches^ so as to agree with the normals drawn 
from the several divisions of the inner arc. The arcs are marked the 
same as in figure 2. 

PROBl£M III. 

To describe a Gothic isosceles arch to any width, height, 
and to a given vertical angle. 

Plate V. Let AB> Jig. 1, be the span or width of the arch, mC per- 
pendicular to AB, from the middle point m the height, and eCfthe ver- 
tical angle given by the tangents Ce and Cf, making equal angles with 
the line of height mC. 

In this example, the points e andy^ the lower extremities of the tan- 
gents, are r^ulated by erecting Ae and B/*, each perpendicular to AB, 
and making each equal to f of the height line mC, 

From the point A^ towards B^ make A^ equal to Ae or B/*, that ib, 
equal to ^ of tnC ; and from the point C^ the vortex of the arch, draw Ct 
perpendicular to Ce> In Ce take CI, equal to Ak, and join kl ; bisect kl 
by a perpendicular^ di meeting Ct in the point i; join ik, and produce 
t J; to q. 

From t^e point t^ with the radius tC, describe an arc C^, meeting the 
line iq in the point g, and from tiie point k, with the radius kg, describe 

b^ n* b^ 

would become «=: — ; hence R= ,— «= — , hence the radius of curvature 

a ijr a 

at either extremity of the axis major^ is a third* proportional to the semi- 
axis major and the semi-axis minor; the geometrical magnitude for R 

when equal to -=-, and when equal to — , have been found by the con- 
struction of figure 3. 
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it may be of any form whatever^ regular or irregular, or 
consisting of many surfaces : it or they have nothing to do 
in the construction. 

The parts of the trehedral, which may be obtained from 
three given parts, are the very same as three parts found 
in a spherical triangle from three given parts. This is, in 
fact, the same as spherical trigonometry. 

We shall not, however, enter into any operose analyti- 
cal investigations, but treat the subject in the most simple 
manner, according to the rules of solid geometry ; and 
only those trehedrals, which have two of their . planes at 
a right angle with each other, (though there are many 
cases in which the oblique trehedral would be necessary) ; as 
the bounds prescribed for this work will not admit of such 
an extension of the principles. 

If the trehedral have two of its planes perpendicular to 
each other, it is called a right angled trehedral; each of 
the two faces thus forming a right angle, is called a leg, 
and the remaining side joining each leg, is called the hy- 
potenuse. 

PROBLEM I. 

Given two legs of a right angled trehedral to find the 
hypotenuse. 

Plate VI., Jigs. 1, 2, 3, 4. Let PON and POR be the given legs. 
Draw PR perpendicular to OP, and PQ perpendicular to ON. Prom 
O, as a centre with the radius OR, describe an arc intersecting PQ in 
Q, and join OQ, and QON is the hypotenuse required. 

Demonstration, — Suppose the triangle POR revolved upon OP, until 
PR become perpendicular to the plane of the triangle OPN, then the 
plane of the triangle OPR will be perpendicular to the plane of the tri- 
angle OPN. 

Again, suppose the triangle ONQ to revolve upon ON, and let PQ, 
or PQ produced intersect ON in m, then mQ will always be in a plane 
passing through Pm, and the plane described by mQ will be perpen* 
dicular to the plane mOP; and as PR is, by suppontion, also perpendi* 
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Find a third proportional to this semi-axis Ca, CB^* and make ah 
equal to the third proportional ; also find a third proportional to CB, 
Ca,f and make Bg equal to the third proportional. 

Make the angle Bgk equal to about 15P, and let gk meet Aa in the 
point t. From g with the radius gB, describe an arc Bk,X and from k 
with the radius ha, describe an arc la. Describe the arc kl by the pre- 

* Thus in^^. 3, draw the two lines QA, AH making any an^ with 
each other ; make ac equal to aC, Jig. 2, and A^ equal to CB,^g. 2, and 
make Ae equal to Ad. Join cd, and draw ef parallel to cd; then of is 
the t}iird proportional. 

t That is in Jig. 3, moke Ac equal to AGr, or aCJig. 2, and Ad equal 
to CB or Cb, Jig. 2, and make AG equal to Ac and join cd. Draw OH 
parallel to dc ; then AH is the third proportional. 

X Mathematicians have demonstrated that in all the conic sections^ the 
radius of curvature is equal to the cube of the normal^ divided by one- 
fourth of the square of the parameter^ and that this radius at either ex- 
tremity of the axis major, is half the parameter, which passes through the 
focus ; and, moreover, that the radius of curvature at either extremity of 
the axis minor, is half the parameter to thb axis. Now the focal semi- 
parameter is a third proportional to the semi-axis major and the semi- 
axis minor, and the parameter of the axis minor is a third proportional to 
the aemi-axis minor and the semi-axis major. These parameters are 
found geometrically, as in fig. 3, or they may easily be found by calcu- 
lations, by finding the normal horn this formula. Thus, if n represent 
the normal, a the semi-axis major, and b the semi-axis minor> x the 

abscissa from the centre, and ^ the ordinate as usual, then n=— r 

a 

V^ a*— (o*— ft*)^* /^ and if R represent the radius of curvature, then 



m' 



R = j-^; by making or = o the expression for the value of the normal 
would become simply 6 or n =: 6 ; therefore the radius of curvature at 

LI 

either extremity of axis minor would be y— , ; and if a; = a we should 

then have «= — : but a : b :: b : ip, hence A p = — , or 1 p' =z — r 

a * * a a 

whence R=: -t~; therefbre the radius of curvature at either extremity of 
the axis minor, is a third proportional to the semi-axis minor and the semi, 
axis major. Again, if oma, the equation n = -g- \/ "\ a*. — (a^ — 6^) x^ > 
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make mQ, equal to ifiS, and Join OQ, then NOQ will be the hypotenuse 
required. 

^^' ^> ^c method of finding the angle which the tangent plane 
makes with the base and the hypotenuse is exhibited at four different 
points. In the two first points O from A in the first quadrant, the tan- 
gent planes make an acute angle at each point O ; but in the second 
quadrant, they make an obtuse angle at each point O. 

Fig. 2 is the second position of the construction from the point A, for 
finding the angle which the tangent plane makes with the base, and for 
finding the hypotenuse enlarged ; in order to show a more convenient 
method by not only requiring less space, but less labour. It may be thus 
described, the two given legs being FO'R' and FO'N'. 

Draw P'm' perpendicular to CN', meeting ON in m'. In P'O', make 
^v' equal to Vm', and draw the straight line t;'R', then F^v'Bf will be 
the inclination of the tangent plane at the point O. 

Again in CF, make C^' equal to OW, and draw t'u' parallel to FR'. 
From (y, with the radius O'R', describe an arc meeting t'u' in uf, and 
draw the straight line CXtt' ; then t*0'u' is the hjrpotenuse. 

For since P'S' is equal to FR', end PV equal to Fm', and the -angles 
t/i'PS', and t;'FR', are right angles; therefore the triangle t;'FR', is 
equal to the triangle mF'S', and the remaining angles of the one, equal 
to the remaining angles of the other, each to each ; hence the angle PVR' 
is equal to the angle PWS^ 

Again, because OY is equal to OW, and O'Q' is equal to O'R', and 
O'u is also equal to O'R' ; therefore OV is equal to OQ', and since 
the angles O'fu' and Cym'Q' are each a right angle, therefore the two 
right angled triangles have their hypotenuses equal to each other, and 
have also one leg in each, equal to each oth^ ; therefore the remaining 
side of the one triangle is equal to the remaining side of the other, and 
therefore also the angles which are opposite to the equal sides are equal ; 
hence the angle P'CKtt' is equal to N'O'Q, 

By considering this construction by the transposition of the triangles, 
the whole of the angles which the tangent planes make at a series of 
points O in figures 1 and 3, and their hypotenuses may be all found in 
(me diagram, as in figure 4. 

Thus, in Jg. 4, if the angles AGO, AGO', AGO", AGO"', be re- 
spectively equal to AGO, AGO', AGO", AGO'", Jig. 1, and in^^. 4, the 
semicircle AO'B be described, and if GD be drawn perpendicular to 
AB, and the angles GAD, GBD, be made equal to BGD, Jg. 1 ; then 
each half of ^g. 4, being constructed as in ^g. 2 ; the angles at m, m', 

C 2 
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«", m*", wOl be respectively equal to the angles PmS, Fi»'S', Q"w"S", 
Q'W'S", mfg. 1. 

Also/ in /g. 4, the angles CAE, CAg, CAA, CBt, OBk, CBF will be 
the hypotenuses at the point A, O, O', O', O'", B in^. 1. 

We may here observe^^. I, that the angles which the tangent planes 
make with the plane of the base in the first quadrant are acute ; and 
those in the second quadrant are obtuse ; and those in the second qua- 
drant are the supplements of the angles PfitS ; smd, moreover, that all 
the angles which constitute the hy|)otenuses of the trehedral, are all 
acute, whether in the first quadrant or second quadrant of the semi- 
circle AOB. 



SECTION VI. 

ON THE PROJECTION OF A STRAIGHT LINE BENT UPON 
A CYLINDRIC SURFACE, AND THE METHOD » OF 
DRAWING A TANGENT TO SUCH A PROJECTION. 

PROBLEM I. 

Given the developemeDt of the sur£Eice of the semi-cylin- 
der, and a straight line in that developement, to find the 
projection of the straight on a plane passing through the 
axis of the cylinder, supposing the developement to en- 
case the semi-cylindric surface. 

Fig, 5. Let ABC be the developement of the cylindric 8ur&ce, BC 
being the developement of the semi-circumference^ and let AC be the 
straight line given. 

Produce CB to D^ making BD equal to the diameter of the cylinder. 
On BD^ as a diameter^ describe the semicircle BED^ and divide the semi- 
circular arc BED, into any number of equal parts, at 1, 2, 3, &c. ; and its 
developement BC into the same number of equal parts, at the points /,g, 
hj &c. Draw the straight lines JJc, gl, hm, &c. parallel to BA, meeting 
AC at the points k, I, m, &c. ; also parallel to BA, draw the straight 
Unes lo, 2p, 3q, &c- and draw ko, Ip, mq, &c. parallel to CD ; and the 
points o,p, q, &c. are the projections or seats of the points k, I, m, &c. 
in the developement of the straight line AC. 

The projection of a screw is found by this method : BD may be con- 
sidered as the diameter of the cylinder from which the screw is formed ; 
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and the angle BAC> the inclination of the thread with a straight line on 
the surface ; or BC A the inclination of the thread with the end of the 
cylinder. The same principle also applies to the delineations of the 
hand-rails of stairs^ and in the oonstmction of berel bridges^ of which we 
shall treat in a subsequent part of this work« 

PROBLEM II. 

Given the entire projection of a helix or screw, in the 
surface of a semi-cylinder, and the projection of a circle in 
that surface perpendicular to the axis, upon the plane pass- 
ing through the axis, to draw a tangent to the curve at 
a given point. 

Fig. 6. Let BPK be the projection of the helix or screw, and BA 
the projection of the circumference of a circle, and since this circle is in 
a plane perpendicular to the plane of projection, it will be projected into 
a straijght line AB, equal to the diameter of the cylinder. 

On AB as a diameter, describe the semicircle ArB, and draw Pr per- 
pendicular to, and intersecting AB in g, join the points e, r, and pvoduce 
er to^ 

Produce AB to C, so that BG may be equal to the semicircular arc 
BrA. Dra<^ CD perpendicular to BG, and make CD equal to AK, 
and draw the straight line BD ; then BD will be the developement of 
the curve line BPK. 

Draw P« parallel to AC, meeting BD in ti, and draw ut perpendicular 
to BC. Draw rg perpendicular to er, and make rg equal to Bt. Draw 
git perpendicular to AC, meeting BC in n, and draw the straight line nP ; 
then nP will touch the curve at the point P. 

Or the tangent may be drawn independent of BCD thus : Draw Pr 
perpendicular to AB, and rg a tangent at r. Make rg equal to the deve- 
lopement of rB, and draw gn perpendicular to BC, meeting' BC in n, and 
join nP, which is the tangent required. 
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cular to the plane mOP, therefore PR and mQ being thus situated in 
the same phine will meet^ except they are parallel. 

Let mQ therefore be revolved until the straight line mQ fall upon 
the point R ; let Q then be supposed to coincide with R ; then because 
Qy by supposition, coincides with R^ and the point O is common to the 
straight lines OQ and OR, therefore the straight lines OQ and OR 
having two common points will coinddet and therefore mOQ will be the 
hypotenuse required. 

PROBLEM IL 

Given the hjpotenuse, and one of the legs to find the 

other leg. 

Figu \i % 3, 4. Let NOQ be the given hypotenuse and NOP the 
given leg> and let these two parts be attached to each other by the 
straight line ON. 

In ON take any point m, and through m draw PQ perpendicular 
to ON. Draw PR perpendicular to OP. From the point O, with the 
radius OQ, describe an arc QR and join OR ; then will POR be the 
other leg, as required. 

These four diagrams show the various positions in which the data may 
be placed : every one will frequently occur in practice. 

PROBLEM III. 
Given Ihe two legs of a right-angled trehedral to find one 
of the angles at the h jpotenuse. 

T^i. 5, 6. Let the two given legs be PON and POR. In OP take 
any point P, and draw PN perpendicular to ON, and PR perpendicular 
to PO, and PK parallel to ON. Make PK equal to PR, and join NK ; 
then PNK will be the angle at the hypotenuse. 

In^. 5, the two legs lie upon separate parts; and in^. 6, one of the 
legs lies upon the other. 

JPi^. 7 exhibits the same principle applied in finding a series of bevels 
or angles made by the hypotenuse and a 1^. Thus let the two legs be 
PON and POR. From any point m in OP draw mR perpendicular to 
OP. On Om, as a diameter, describe the semicircle O^m, intersecting 
ON in g, and join ^m. Make mr equal to mq^ and join rR ; then PrR 
will be the angle required. 

PROBLEM IV. 
Given one of the legs and the inclination of the hypote- 
nuse to that leg, to find the other leg. 

c 
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Figs. 8 and 9. Let NOP be the given leg. In ON take any point m, 
and draw mi perpendicular to ON. Make imp, equal to the angle which 
the leg NOP makes with the hypotenuse. Through any point i, in mi, 
draw Pp parallel to ON^ and PQ, perpendicular to OP. Make PQ, 
equal to ip, and jom OQ^ and QOP will be the other 1^. 

PROBLEM V. 

Given one of the legs and the angle which the hypoter 

nuse forms with that leg to find the hypotenuse. 

Fi^. 10 ^nd 11. In N.0> take any point m, and draw mn perpendicular 
to ON. Make nmp equal to the angle which the hypotenuse makes with 
the leg NOP. From the point m as a centre with any radius^ mn describe 
an arc np. Draw pP, nQ parallel to NO> and PQ perpendicular to NO, 
and join OQ ; then NOQ is the hypotenuse required. 

General applications of the Trehedral to Tangent Planes. 

X 

Example I. 

Given the inclination and seat of the axis of an oblique 
cylinder or cylindroid, to find the angle which a tangent 
makes at any point in the circumference of the base, with 
the plane of the base. « 

Figs, i, 3, Plate VII. Let AEBO be the base of the cylinder or 
cylindroid^ CB the seat of the axis^ and let BCD be the angle of inclina-* 
tion^ and let O be the point where the tangent plane touches the ounred 
-surface of the solid. 

Draw ON a tangent line at the point O in the base^ and draw OP 
parallel to CB. Make the angle POR equal to BCD, and draw PR per- 
pendicular to PO. 

Then^ if the triangle POR be conceived to be revolved round the line 
PO as an axis^ until its plane become perpendicular to the plane of the 
circle AEBC> the straight OR will^ in this position, coincide with the 
cylindrical surfiEice» and a plane touching the cylinder or cylindroid at O^ 
will pass through the lines ON and OR. Here will now be given the 
two legs POR and PON of a right angled trehedral to find the angle 
ivhich the hypotenuse makes with the base. Draw PQ perpendicular 
to ON^ intersecting it in m, and draw PS perpendicular to PQ. Make 
PS equal to PR, and join mS ; then PmS is the angle required. 

The hypotenuse will be easily constructed at the same time^ thus — 




Fig-S- ^-9- 
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mdce mQ, equal to m8, and Join OQ^ then NOQ will be the hypotenuse 
required. 

In^. 1^ the method of finding the angle which the tangent plane 
makes with the base and the hypotenuse is exhibited at fmur different 
points. In the two first points O from A in the first quadrant^ the tan« 
gent planes make an acute angle at each point O ; but in the second 
quadrant^ they make an obtuse angle at each point O. 

Fig. 2 is the second position of the construction from the point A^ for 
finding the angle which the tangent plane makes with the base^ and for 
finding the hypotenuse enlarged ; in order to show a more convenient 
method by not only requiring less space> but less labour. It may be thus 
described, the two given legs being FO'R' and FO'N'. 

Draw Fm' perpendicular to (XN', meeting ON in m'. In P'O', make 
Fi;' equal to F'm', and draw the straight line v'R', then Fw'R' will be 
the inclination of the tangent plane at the point O. 

Again in (XF, make OY equal to OW, and draw t*u' parallel to FR'. 
From O^ with the radius (yW, describe an arc meeting t'u' in u\ and 
draw the straight line ffu' ; then t'O'u' is the h3rpotenuse. 

Fw since P'S' is equal to FR^, end PV equal to Fm', and the angles 
tn'PS', and t>'FR', are right angles; therefore the triangle r'FR', is 
equal to the triangle mF'S', and the remaining angles of the one, equal 
to the remaining angles of the other, each to each ; hence the angle PVR' 
is equal to the angle PWS'. 

Again, because OY is equal to OW, and OQ' is equal to O'R', and 
Ott is also equal to O'R' ; therefore CKtt' is equal to OQ', and since 
the angles O'fu' and Cytn^Q' are each a right angle, therefore the two 
right angled triangles have their hypotenuses equal to each other, and 
have also one 1^ in each, equal to each otha* ; therefore the remaining 
side of the one triangle is equal to the remaining side of the other, and 
therefore also the angles which are opposite to the equal sides are equal ; 
hence the angle P^Cti' is equal to N'O'Q. 

By considering this construction by the transposition of the triangles, 
the whole of the angles which the tangent planes make at a series of 
points O in figures 1 and 3, and their hypotenuses may be all found in 
one diagram, as in figure 4. 

Thus, in Jg. 4, if the angles AGO, AGO', AGO", AGO'", be re- 
spectively equal to AGO, AGO', AGO", AGO"', Jig. 1, and in Jig. 4, the 
semicircle AO'B be described, and if GD be drawn perpendicular to 
AB, and the angles GAD, GBD, be made equal to BGD, ^g, 1 ; then 
each half of ^g. 4, being constructed as in ^g. 2 ; the angles at m, m', 

C 2 
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id', m*", will be respectively equal to the angles PmS, FWS', qf'wl'B", 
Q'V'S", in fig. 1. 

Also; in fig. 4, the angles CAE, CAg, CAh, CBt, OBk, CBF will be 
the hypotenuses at the point A, O, O', O'', O'", B in^. 1. 

We may here observe^ jig. 1, that the angles which the tangent planes 
make with the plane of the base in the first quadrant are acute : and 
those in the second quadrant are obtuse ; and those in the second qua- 
drant are the supplements of the angles PmS ; and^ moreover, that all 
the angles which constitute the hypotenuses of the trehedral, are all 
acute, whether in the first quadrant or second quadrant of the semi- 
circle AOfi. 



SECTION VI. 

ON THE PROJECTION OF A STRAIGHT LINE BENT UPON 
A CYLINDRIC SURFACE, AND THE METHOD .OF 
DRAWING A TANGENT TO SUCH A PROJECTION. 

PROBLEM I. 

Given the developement of the surfEtce of the semi-cylin- 
der, and a straight line in that developement, to find the 
projection of the straight on a plane passing through the 
axis of the cylinder, supposing the developement to en- 
case the semi-cylindric surface. 

Fig. 5. Let ABC be the developement of the cylindric surface, BC 
being the developement of the semi-circumference, and let AC' be the 
straight line given. 

Produce CB to D, making BD equal to the diameter of the cylinder. 
On BD^ as a diameter, describe the semicircle BED, and diiade the semi- 
circular arc BED, into any number of equal parts, at 1, 2, 3, &c. ; and its 
developement BC into the same number of equal parts, at the points /,g, 
h, &c. Draw the straight lines fk, gl, hm, &c. parallel to BA, meeting 
AC at the points k, I, m, &c. ; also parallel to BA, draw the straight 
Unes lo, 2p, 3^, &c. and draw ho, Ip, mq, &c. parallel to CD ; and the 
points o, p, q, &c. are the projections or seats of the points k, I, m, &c. 
in the developement of the straight line AC. 

The projection of a screw is found by this method : BD may be con- 
sidered as the diameter of the cylinder from which the screw is formed ; 
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and the angle BAC> the inclination of the thread with a straight line on 
the surfiace ; or BC A the inclination of the thread with the end of the 
cylinder. The same principle also applies to the delineations of the 
hand-rails of stairs^ and in the constmction of bevel bridges^ of which we 
shall treat in a subsequent part of this work« 

PROBLEM II. 

Given the entire projection of a helix or screw, in the 
surface of a semi-cylinder, and the projection of a circle in 
that surface perpendicular to the axis, upon the plane pass- 
ing through the axis, to draw a tangent to the curve at 
a given point. 

Fig. 6. Let BPK be the projection of the helix or screw^ and BA 
the projection of the circumference of a circle^ and since this circle is in 
a plane perpendicular to the plane of projection, it will be projected into 
a straijght line AB, equal to the diameter of the cylinder. 

On AB as a diameter, describe the semicircle ArB, and draw Pr per- 
pendicular .to> and intersecting AB in q, join the points e, r, and pvoduce 
ertof. 

Produce AB to C, so that BG may be equal to the semicircular arc 
BrA. Dra<^ CD perpendicular to BC, and make CD equal to AK, 
and draw the straight line BD ; then BD will be the developement of 
the curve line BPK. 

Draw P« parallel to AC, meeting BD in ti, and draw ut perpendicular 
to BC. Draw rg perpendicular to er, and make rg equal to Bt. Draw 
git perpendicular to AC, meeting BC in n, and draw the straight line nP ; 
then nP will touch the curve at the point P. 

Or the tangent may be drawn independent of BCD thus : Draw Pr 
perpendicular to AB, and rg a tangent at r. Make rg equal to the deve- 
lopement of rB, and draw gn perpendicular to BC, meeting* BC in n, and 
join nP, which is the tangent required. 



82 A PRACTICAL TREATISE ON [CH. II. 



CHAPTER II. 

THE GteOMETRY OF PLANS AND ELEVATIONS, ADAPTED 
TO THE CONSTRUCTION OF ARCHES AND VAULTS. 

SECTION I. 
PEELIMINARY PRINCIPLES OF PROJECTION. 

If from a point A', ^g. 1 in space, a perpendicular A'a 
be let £fdl to any plane PQ whatever, the foot a of this 
perpendicular is called the projection of the point A' upon 
the plane PQ, 

If through diflferent points A', B', C', ly ^gs. 2, 3, 4, 

of any line A'B'CD' whatever in space, perpendicu- 
lars A'^i, B% CCy jyd, be let fall upon any plane PQ 

whatever, and if through a, b, c, d, the projec- 
tions of the points A', B', C, D', in the plane PQ 

a line be drawn, the line thus drawn will be the projection 
of the line A'B'C'iy . . . • given in space. 

If the Une A'B'Oiy ^g- 2, be straight, the pro- 

jection abed .... will also be a straight line ; and if the 
line A'B'C'D .... ^g. 2, be a curve not in plane perpen - 
dicular to the plane PQ, the curve abed .... which is the 
projection of the curve A'B'Ciy .... in space, will be of 
the same species with the original curve, of which it is the 
projection. Hence, in this case, if the original curve 
A'B'CD .... be an ellipse, a parabola, hyperbola, &c., the 
projection abed . . • . will be an ellipse, a parabola, an hy- 
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perbola, &c. The drde and the ellipse being of the same 
species, the projected curve may be a circle or elUpa^,, 
whether the original be a circle or ellipse, as in fig. 4. 

The plane in which the projection of any point, line, or 
plane figmre is situated, is called the plane of projection, 
and the point otr Une to be projected is called the pri^ 
Illative. 

The projectk)n of a cifrve will be a straight line when 
the curve to be projected is in a plane perpendicular to 
the plane of projection. Hence the projection of a plane 
curve IS a straight line. 

If a curve be situated in a plane which is parallel to 
the plane of projection, the projection of the curve will be . 
another curve equal* and similar to the curve of which it 
is the projection. 

The projection upon a plane of any curve of double 
curvature whatever is always a curve line. 

In order to fix the position and form of any line what- 
ever in space, the position of the line is given to each of two 
planes which are perpendicular to each other ; the one is 
called the horizontal plane and the other the vertical 
plane ; the projection of the line in question is made on 
each of these two planes, and the two projections are 
called the two projections of the Une to be projected. 

Thus we see in fig. 5, where the parallelogram U VWX 
represents the horizontal plane, and the parallelogram 
UVYZ represents the vertical plane, the projection ab 
of the line A'B' in space upon the horizontal plane 
UVWX, is called the horizontal projection, and the pro- 
jection AB of the same line upon the vertical plane UVYZ, 
is called the vertical projection. 

The two planes, upon which we project any line what- 
ever, are called the planes of projection. 
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cular to the plane mOP^ therefore PR and mQ being thus sllaated in 
the same plane will meet^ except they are parallel. 

Let mQ therefore be revolved until the straight line mQ fall upon 
the point R ; let Q then be supposed to coincide with R ; then because 
Qy by supposition, coincides with R^ and the point O is common to the 
straight lines OQ and OR, therefore the straight lines OQ and OR 
having two common points will coincide, and therefore mOQ will be the 
hypotenuse required. 

PROBLEM IL 

Given the hjpotenuse, and one of the legs to find the 
other leg. 

Figu 1, % 3, 4. Let NOQ be the given hypotenuse and NOP the 
^ven leg, and let these two parts be attached to each other by the 
straight line ON. 

In ON take any point m, and through m draw PQ perpendicular 
to ON. Draw PR perpendicular to OP. From the point O, with the 
radius OQ, describe an arc QR and join OR ; then will POR be the 
other leg, as required. 

These four diagrams show the various positions in which the data may 
be placed : every one will frequently occur in practice. 

PROBLEM in. 

Given Ihe two legs of a right-angled trehedral to find one 
of the angles at the h jpotenuse. 

F\g». 5, 6. Let the two given legs be PON and POR. In OP take 
any point P, and draw PN perpendicular to ON, and PR perpendicular 
to PO, and PK parallel to ON. Make PK equal to PR, and join NK ; 
then PNK will be the angle at the hypotenuse. 

In^. 5, the two legs lie upon separate parts; and in^. 6, one of the 
le^ lies upon the other. 

JPi^. 7 exhibits the same principle applied in finding a series of bevels 
or angles made by the hypotenuse and a 1^. Thus let the two legs be 
PON and POR. From any point m in OP draw mR perpendicular to 
OP. On Om, as a diameter, describe the semicircle Ogm, intersecting 
ON in g, and join ^. Make mr equal to m^, and join rR ; then PrR 
will be the angle required. 

PROBLEM IV. 
Given one of the legs and the inclination of the hypote- 
nuse to that leg, to find the other leg. 

c 
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Figs. 8 and 9. Let NOP be the given leg. tn ON take any point m, 
and draw mi perpendicular to ON. Make imp, equal to the angle which 
the leg NOP makes with the hypotenuse. Through any point i, in mi, 
draw P/> parallel to ON, and PQ, perpendicular to OP. Make PQ, 
equal to ip, and jom OQ, and QOP will be the other 1^. 

PROBLEM V. 

Given one of the legs and the angle which the hypotCr 
nuse forms with that leg to find the hypotenuse. 

Fi^. 10 ^nd 11. In NO, take any point m, and draw m» perpendicular 
to ON. Make nmp equal to the angle which the hypotenuse makes with 
the leg NOP. From the point m as a centre with any radius, mn describe 
an arc np» Draw pP, »Q parallel to NO, and PQ perpendicular to NO, 
and join OQ ; then NOQ is the hypotenuse required. 

General applications of the Trehedral to Tangent Planes. 

Example I. 

Given the inclination and seat of the axis of an oblique 
cylinder or cylindroid, to find the angle which a tangent 
makes at any point in the circumference of the base, with 
the plane of the base. « 

Figs. 1, 3, Plate VII. Let AEBO be the base of the cylinder or 
cylindroid, CB the seat of the axis, and let BCD be the angle of inclina- 
tion, and let O be the point where the tangent plane touches the curved 
isurface of the solid. 

Draw ON a tangent line at the point O in the base, and draw OP 
parallel to CB. Make the angle POR equal to BCD, and draw PR per- 
pendicular to PO. 

Then, if the triangle POR be conceived to be revolved round the line 
PO as an axis, until its plane become perpendicular to the plane of the 
circle AEBC, the straight OR will, in this position, coincide with the 
cylindrical surfsice, and a plane touching the cylinder or cylindroid at O, 
will pass through the lines ON and OR. Here will now be given the 
two legs POR and PON of a right angled trehedral to find the angle 
which the hypotenuse makes with the base. Draw PQ perpendicular 
to ON, intersecting it in m, and draw PS perpendicular to PQ. Make 
PS equal to PR, and join mS ; then PmS is the angle required. 

The hypotenuse will be easily constructed at the same time, thus — 
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a point is above the ground-line, and that the horizontal 
projection is below; but from what has been said, it is 
evident that if the point in space be situated below the 
hmizontal line, its vertical projection will be below the 
gronnd-Une ; for the distance from this point to the hori* 
zontal {dane, cannot be taken from the base-line to the top, 
but from the top to the base with respect to its plane. 

So if the point in space be situated behind the vertical 
plane, its horizontal projection will be above the ground- 
line ; from which we conclude — 

1st If the point in question be situated above the hori- 
zontal idane, and before the vertical plane, its vertical pro-' 
jection will be above and its horizontal projection below 
the ground-line. 

2nd. If the point be situated before the vertical plane, 
and below the horizontal plane, the two projections will be 
bdow the ground-line. 

Srd. If the point be situated above the horizontal plane, 
but behind the vertical plane, the two projections will be 
above the ground-line. 

4th. Lastly. If the point be situated above the horizon- 
tal plane, and behind the vertical plane, the vertical proy 
jection will be below, and the horizontal projection above, 
the ground-line. 

The reciprocals of these propositions are also true. 

If a line be parallel to one of the planes of projection, its 
projection upon the other plane will be parallel to the 
ground-line. Thus, for example, if a line be parallel to a 
horizontal plane, its vertical projection will be parallel to 
the ground line ; and if it is parallel to the vertical plane, 
its horizontal projection will be parallel to the ground - 
line. 

AeciprocaUy, if one of the projections of a line be parallel 
tQ the ground line, this line will be parallel to the plane of 
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make mQ, equal to mS, and Join OQ, then NOQ will be the hypotenuse 
required. 

^J^' h the method of finding the angle which the tangent plane 
makes with the base and the hypotenuse is exhibited at fbnr different 
points. In the two first points O from A in the first quadrant^ the tan« 
gent planes make an acute angle at each point O ; but in the second 
qoadrant^ they make an obtuse angle at each point O. 

Fig. 2 is the second position of the construction from the point A, for 
finding the angle which the tangent plane makes with the base, and for 
finding the hypotenuse enlarged ; in order to show a more conyenient 
method by not only requiring less space, but less labour. It may be thus 
described, the two given legs being VCyR' and FO'N'. 

Draw P'm' perpendicular to CN', meeting ON in m'. In P'O', make 
Vv' equal to 'Ftn', and draw the straight line v'Bf, then Fw'R' will be 
the inclination of the tangent plane at the point O. 

Again in CF, make O*/' equal to OW, and draw t'u' parallel to FR'. 
From O', with the radius (XR', describe an arc meeting t'u' in u', and 
draw the straight line (Xtt' ; then f&u' is the hypotenuse. 

For since FS^ is equal to FR^ end PV equal to Fm', and the angles 
w'PS', and t>'FR', are right angles; therefore the triangle v'FR', is 
equal to the triangle mF'8', and the remaining angles of the one, equal 
to the remaining angles of the other, each to each ; hence the angle PVR' 
is equal to the angle P'm'S'. 

Again, because OY is equal to OW, and O'Q' is equal to O'R', and 
0*u is also equal to O'R' ; therefore (yuf is equal to O'Q', and since 
the angles O'fuf and Cym^Q' are each a right angle, therefore the two 
right angled triangles have their hypotenuses equal to each other, and 
have also one 1^ in each, equal to each other ; therefore the remaining 
side of the one triangle is equal to the remaining side of the other, and 
therefore also the angles which are opposite to the equal sides are equal ; 
hence the angle P'O'tt' is equal to N'O'Q'. 

By considering this construction by the transposition of the triangles, 
the whole of the angles which the tangent planes make at a series of 
points O in figures 1 and 3, and their hypotenuses may be all found in 
one diagram, as in figure 4. 

Thus, in Jig. 4, if the angles AGO, AGO', AGO", AGO"', be re- 
spectively equal to AGO, AGO', AGO", AGO"', fig. 1, and in fig. 4, the 
semicircle AO'B be described, and if CD be drawn perpendicular to 
AB, and the angles GAD, GBD, be made equal to BGD, fig. 1 ; then 
each half of fig. 4, being constructed as in fig. 2 ; the angles at m, m', 

C 2 
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ta", m% will be respectively equal to the angles PmS, Vrn'S, Q"m"8", 
Q"m"'S", infg. 1. 

Also/ in fig. 4, the angles CAE, CAg, CAh, CBi, OBk, CBF will be 
the hypotenuses at the point A, O, O', O", O'", B in^. 1. 

We may here observe,^. 1, that the angles which the tangent planes 
make with the plane of the base in the first quadrant are acute ; and 
those in the second quadrant are obtuse; and those in the second qui^ 
drant are the supplements of the angles PntS ; and, moreover, that all 
the angles which constitute the hypotenuses of the trehedral, are all 
acute, whether in the first quadrant or second quadrant of the semi- 
circle AOB. 



SECTION VI. 

ON THE PROJECTION OF A STRAIGHT LINE BENT UPON 
A CYLINDRIC SURFACE, AND THE METHOD » OF 
DRAWING A TANGENT TO SUCH A PROJECTION. 

PROBLEM I. 

Given the developement of the surface of the semi-cylin- 
der, and a straight line in that developement, to find the 
projection of the straight on a plane passing through the 
axis of the cylinder, supposing the developement to en- 
case the semi-cylindric surface. 

Fig. 5. Let ABC be the developement of the cylindric surface, BC 
being the developement of the semi-circumference^ and let AC be the 
straight line given. 

Produce CB to D^ making BD equal to the diameter of the cylinder. 
On BD^ as a diameter^ describe the semicircle BED^ and divide the semi- 
circular arc BED, into any number of equal parts^ at 1,2, 3, &c. ; and its 
developement BC into the same number of equal parts, at the points /,g, 
Aj &c. Draw the straight lines fk, gl, km, &c. parallel to BA, meeting 
AC at the points k, I, m, &c. ; also parallel to BA, draw the straight 
lines lo, 2p, 3q, &c. and draw ko, Ip, mq, &c. parallel to CD ; and the 
points o, p, q, &cc. are the projections or seata of the points k, I, m, &c 
in the developement of the straight line AC. 

The projection of a screw is found by this method : BD may be con- 
sidered as the diameter of the cylinder from which the screw is formed ; 
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and the angle BAC> the inclination of the thread with a straight line on 
the surface; or BGA the inclination of the thread with the end of the 
cylinder. The same principle also applies to the delineations of the 
hand-rails of stairs^ and in the construction of bevel bridges^ of which we 
shall treat in a subsequent part of this work« 

PROBLEM II. 

Given the entire projection of a helix or screw, in the 
surface of a semi-cylinder, and the projection of a circle in 
that surface perpendicular to the axis, upon the plane pass- 
ing through the axis, to draw a tangent to the curve at 
a given point. 

Fig. 6. Let BPK be the projection of the helix or screw^ and BA 
the projection of the circumference of a circle^ and since this circle is in 
a plane perpendicular to the plane of projection^ it will be projected into 
a stra^ht line AB^ equal to the diameter of the cylinder. 

On AB as a diameter^ describe the semicircle ArB, and draw Pr per- 
pendicular to, and intersecting AB in q, join the points e, r, and pvoduce 
er tof. 

Produce AB to C, so that BC may be equal to the eiemicircular arc 
BrA. DraXi^ CD perpendicular to BC^ and make CD equal to AK, 
and draw the straight line BD ; then BD will be the developement of 
the curve line BPK. 

Draw P« parallel to AC, meeting BD in u, and draw ut perpendicular 
to BC. Draw rg perpendicular to er, and make rg equal to B/. Draw 
gn perpendicular to AC, meeting BC in n, and draw the straight line nP ; 
then nP will touch the curve at the point P. 

Ot the tangent may be drawn independent of BCD thus : Draw Pr 
perpendicular to AB^ and rg a tangent at r. Make rg equal to the deve- 
Ic^ment of rB, and draw gn perpendicular to BC^ meeting' BC in n, and 
jcun nP^ which is the tangent required. 
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Gular to the plane mOP^ therefore PR and mQ being thus situated in 
the same plane will meet> except they are parallel. 

Let mQ therefore be revolved until the straight line mQ &11 up<m 
the point R ; let Q then be supposed to coincide with R ; then because 
Q, by supposition^ coincid e s with R^ and the point O is common to the 
straight lines OQ and OR^ therefore the straight lines OQ and OR 
having two common points will coincidet and therefore mOQ will be the 
hypotenuse required. 

PROBLEM IL 

Given the hypotenuse, and one of the 1^ to find the 
other leg. 

Figu 1, % 3, 4. Let NOQ be the given hypotenuse and NOP the 
^ven leg, and let these two parts be attached to each other by the 
straight line ON. 

In ON take any point m^ and through m draw PQ perpendicular 
to ON. Draw PR perpendicular to OP. From the point O, with the 
radius OQ, describe an arc QR and join OR ; then will POR be the 
other 1^ as required. 

These four diagrams show the various positions in which the data may 
be placed : every one will frequently occur in practice. 

PROBLEM IIL 

Given Ihe two legs of a right-angled trehedral to find one 
of the angles at the hypotenuse. 

Figs. 5, 6. Let the two given legs be PON and POR. In OP take 
any point P^ and draw PN perpendicular to ON, and PR perpendicular 
to PO, and PK parallel to ON. Make PK equal to PR, and join NK ; 
then PNK will be the angle at the hypotenuse. 

Inj^. 5^ the two legs lie upon separate parts; and in^. 6^ one of the 
legs lies upon the other. 

Fig* 7 exhibits the same principle applied in finding a series of bevels 
or angles made by the hypotenuse and a 1^. Thus let the two legs be 
PON and POR. From any point m in OP draw mR perpendicular to 
OP. On Om, as a diameter, describe the semicircle O^m^ intersecting 
ON in q^ and join ^m. Make mr equal to mg, and join rR ; then PrR 
will be the angle required. 

PROBLEM IV. 
Given one of the legs and the inclination of the hypote- 
nuse to that leg, to find the other leg. 

c 
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Figs, 8 and 9. Let NOP be the given leg. In ON take any point m, 
and draw mi perpendicular to ON. Make imp, equal to the angle which 
the leg NOP makes with the hypotenuse. Through any point i, in mi, 
draw P/> parallel to ON, and PQ, perpendicular to OP. Make PQ, 
equal to ip, and join OQ> and QOP will be the other 1^. 

PROBLEM V. 

Given one of the legs and the angle which the hypotCr 
nuse forms with that leg to find the hypotenuse. 

Fi^. 10 ^nd II. In NO, take any point m, and draw m» perpendicular 
to ON. Make nmp equal to the angle which the hypotenuse makes with 
the leg NOP. From the point 9it as a centre with any radius, mn describe 
an arc np. Draw pF, nQ parallel to NO, and PQ perpendicular to NO, 
and join OQ ; then NOQ is the hypotenuse required. 

General applications of the Trehedral to Tangent Planes. 

Example I. 

Given the inclination and seat of the axis of an oblique 
cylinder or cylindroid, to find the angle which a tangent 
makes at any point in the circumference of the base, with 
the plane of the base. f 

Figs, I, 3, Plate VII. Let AEBO be the base of the cylinder or 
cylindroid, CB the seat of the axis, and let BCD be the angle of inclina- 
tion, and let O be the point where the tangent plane touches the curved 
isurface of the solid. 

Draw ON a tangent line at the point O in the base, and draw OP 
parallel to CB. Make the angle POR equal to BCD, and draw PR per- 
pendicular to PO. 

Then, if the triangle POR be conceived to be revolved round the line 
PO as an axis, until its plane become perpendicular to the plane of the 
circle AEBC, the straight OR will, in this position, coincide with the 
cylindrical surfsice, and a plane touching the cylinder or cylindroid at O, 
will pass through the lines ON and OR. Here will now be given the 
two legs POR and PON of a right angled trehedral to find the angle 
which the hypotenuse makes with the base. Draw PQ perpendicular 
to ON, intersecting it in m, and draw PS perpendicular to PQ. Make 
PS equal to PR, and join mS ; then PmS is the angle required. 

The hypotenuse will be easily constructed at the same time, thus — 
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make mQ, eqval to mS, and Jolii OQ, then NOQ will be tlie hypotenuse 
required. 

^^* h the method of finding the angle which the tangent plane 
makes with the base and the hypotenuse is exhibited at fbnr difierent 
points. In the two first points O from A in the first quadrant, the tan« 
gent planes make an acute angle at each point O ; but in the second 
qoadrant, they make an obtoae ang^ at each point O. 

Fig* 2 is the second position of the construction from the point A, fior 
finding the angle which the taiqpent plane makes with the base, and for 
finding the hypotenuse enlarged ; in order to show a more oonyenient 
method by not only requiring less space, but less labour. It may be thus 
described, the two given legs being FO^R' and FO^N'. 

Draw Vm' perpendicular to CN', meeting ON in tn'. In FO', make 
Fv' equal to F'm', and draw the straight line v'Bf, then Fv'R' will be 
the inclination of the tangent plane at the point O. 

Again in (XF, make (Yf equal to OW, and draw fu' parallel to FR'. 
From (y, with the radius CXR', describe an arc meeting fu' in yf, and 
draw the straight line O'tf' ; then f&u^ is the hypotenuse. 

F(Hr since FS' is equal to FR^ end F'v' equal to F^m^ and the angles 
w'PS', and vP'R'y are right angles; therefore the triangle v'FR', is 
equal to the triangle m'FS', and the remaining angles of the one, equal 
to the remaining angles of the other, each to each ; hence the angle Fi7'R' 
is equal to the angle P'm'S'. 

Again, because OY is equal to OW, and O'Q' is equal to O'R', and 
(yu is also equal to O'R' ; therefore (yu^ is equal to O'Q', and since 
the angles OYti' and O'lii^Q^ are each a right angle, therefore the two 
right angled triangles have their hypotenuses equal to each other, and 
have also one 1^ in each, equal to each other ; therefore the remaining 
side of the one triangle is equal to the remaining side of the other, and 
therefore also the angles which are opposite to the equal sides are equal ; 
hence the angle FO'if' is equal to N'O'Q'. 

By considering this construction by the transposition of the triangles, 
the whole of the angles which the tangent planes make at a series of 
points O in figures 1 and 3, and their hypotenuses may be all found in 
one diagram, as in figure 4. 

Thus, in Jig. 4, if the angles AGO, AGO', AGO", AGO"', be re- 
spectirely equal to AGO, AGO', AGO", AC(y", fig. 1, and in fig. 4, the 
semicircle AO'B be described, and if CD be drawn perpendicular to 
AB, and the angles GAD, GBD, be made equal to BGD, fig. 1 ; then 
each half of fig. 4, being constructed as in fig. 2 ; the angles at m, m', 

C 2 
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W, m% will be respectively equal to the angles PmS, Vm'S, Q"m"&\ 
Q'V'S", in^. 1. 

Also/ in Jig. 4, the angles CAE, CAg, CAh, CBi, OBk, CBF will be 
the hypotenuses at the point A, O, O', O", O'", Bin Jig. I. 

We may here observe^ ^. 1, that the angles which the tangent planes 
make with the plane of the base in the first quadrant are acute ; and 
those in the second quadrant are obtuse ; and those in the second qui^ 
drant are the supplements of the angles PntS ; and^ moreover^ that all 
the angles which constitute the hypotenuses of the trehedral^ are all 
acute, whether in the first quadrant or second quadrant of the semi- 
circle AOB. 



SECTION VI. 

ON THE PROJECTION OF A STRAIGHT LINE BENT UPON 
A CYLINDRIC SURFACE, AND THE METHOD .OF 
DRAWING A TANGENT TO SUCH A PROJECTION. 

PROBLEM I. 

Given the developement of the surface of the semi-cylin- 
der, and a straight line in that developement, to find the 
projection of the straight on a plane passing through the 
axis of the cylinder, supposing the developement to en- 
case the semi-cyUndric surface. 

Fig. 5. Let ABC be the developement of the eylindric surface, BC 
being the developement of the semi-circumfer^nce> and let AC' be the 
atraight line given. 

Produce CB to D^ making BD equal to the diameter of the cylinder. 
On BD, as a diameter^ describe the semicircle BED^ and divide the semi- 
circular arc BED, into any number of equal parts, at 1^ 2, 3^ &c. ; and its 
developement BC into the same number of equal parts, at the points /,g, 
hy &CC. Draw the straight lines fk, gl, km, &e. parallel to BA, meeting 
AC at the points k, I, m, &c. ; also parallel to BA, draw the straight 
lines lo^ 2p, 3q, &c- and draw ko, Ip, mq, &c. parallel to CD ; and the 
points o, p, q, &c. are the projections or seata of the points h, I, m, &c. 
in the developement of the straight line AC. 

The projection of a screw is found by this method : BD may be con- 
sidered as the diameter of the cylinder from which the screw is formed ; 
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and the angle BAC> the inclination of the thread with a straight line on 
the 8urfiBu:e ; or BC A the inclination of the thread with the end of the 
cylinder. The same principle also applies to the delineations of the 
hand-rails of stairs^ and in the construction of berel bridges^ of which we 
shall treat in a subsequent part of this work« 

PROBLEM II. 

Given the entire projection of a helix or screw, in the 
surface of a semi-cylinder, and the projection of a circle in 
that surface perpendicular to the axis, upon the plane pass- 
ing through the axis, to draw a tangent to the curve at 
a given point. 

Fig. 6. Let BPK be the projection of the helix or screw, and BA 
the projection of the circumference of a circle, and since this circle is in 
a plane perpendicular to the plane of projection, it will be projected into 
a straight line AB, equal to the diameter of the cylinder. 

On AB as a diameter, describe the semicircle ArB, and draw Pr per- 
pendicular to, and intersecting AB in q, join the points e, r, and pvoduce 
ertojl 

Produce AB to C, so that BC may be equal to the etemicircular arc 
BrA. DraXi^ CD perpendicular to BC, and make CD equal to AK, 
and draw the straight line BD ; tben BD will be the developement of 
the curre line BPK. 

Draw Tu parallel to AC, meeting BD in u, and draw ut perpendicular 
to BC. Draw rg perpendicular to er, and make rg equal to BL Draw 
gn perpendicular to AC, meeting BC in n, and draw the straigjit line nP ; 
then nP will touch the curve at the point P. 

Or the tangent may be drawn independent of BCD thus : Draw Pr 
perpendicular to AB, and rg a tangent at r. Make rg equal to the deve- 
lopement of rB, and draw gn perpendicular to BC, meeting* BC in n, and 
join nP, which is the tangent required. 
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and, lastly, the face or vertical moulds applied upon the 
ends thus squared, and their figures drawn, these figures 
will be the two ends of a prism, consisting of equal and 
similar figures, and will be similarly situated ; and therefore 
we have only to form this prism, in order to form the arch- 
stone required. 

But the formation of the stones in the angles of vaults, 
and in the courses of spheretical niches and domes, are much 
more difficult, and require more consideration. In such 
constructions various methods may be employed, and some 
of these, in particular instatices, with great advantage, both 
in the saving of workmanship and material, as we shall 
have occasion to show. In general, however, previous to 
the I'edudng of a stone to its ultimate form for such a si- 
tuation, it will be found convenient to reduce the stone to 
such a figure as will include the more complex figure of the 
stone required, so that any surface of the preparatory figure 
may either include a surface or arris of the stone required 
to be formed, or be a tangent to their surface. 

Sui&ces are brought to form by means of straight and 
curved edges, always applied in a plane perpendicular to 
the arris-lines, so that, when a surface is thoroughly formed, 
the edge of application may have all its points in contact 
with the surface in its whole intended breadth. 

A wall, in masonry, is a mass of stones or other material, 
either joined toother with or without cement, so as to have 
its surfaces such that a plumb-line, descending from any 
point in either face, will not fall without the solid. 

One of the faces of a wall is generally regulated by the 
other, and the regulating surface is called the principal 
face. : 

The line of intersection of the principal face of a wall, 
and. a horizontal plane on a level with the ground, or as 
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neailj so as circamstaiices will permit, is called the base- 
Une. 

A horizontal section of a wall, through the base-line, is 
called the seat of the wall. 

The other side of the seat of a waU, opposite to the base- 
line, is called the rear-line. 

In exterior walls the outer surface is always the princi- 
pal face, and the base and rear-lines are generally so situ- 
ated, that normals drawn to the base-line, between the 
base and rear-lines, are all equal to one another. This 
uniformity most frequently takes place also in partition or 
division walls ; but, in some instances, on account of a room 
being circular or elliptical, while the other faces are plane or 
curved surfaces, this equality of the normals cannot subsist. 

If a wall be cut by a plane perpendicular to the base- 
line, or if the base-line be a curve perpendicular to a tan- 
gent through the point of contact, such a section is called a 
r^ht section. 

Hence, according to this definition, since the base-line is 
always in a horizontal plane, every straight line and every 
tangent to a base- line, when it is a curve, will be a hori- 
zontal line, therefore the right section must be in a vertical 
plane. 

Walls are denominated according to the figure of their 
base-line. When the base-line is straight, the wall is said to 
be straight. Hence, if the figure of the base be an arc or the 
whole circumference of a circle, or a portion or the entire 
curve of an ellipse, the wall is said to be circular or elliptical. 
Other forms seldom occur in building. 

• Walls are more strictly defined by the joint consideration 
of the figures of their bases and right section. 

• • When the ba;se and the right section of a wall are each a 
straight line, and all the horizontal sections straight lines, 
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the face of the wall is called a ruler surface, and if all the 
right sections have the same inclination, the wall is called a 
straight inclined wall ; if they are all vertical, the wall is 
called an erect straight wall, or a vertical straight wall. If 
the right sections varj their inclination, the wall is called a 
winding wall. 

When the base line is the drcumference or any arc of a 
circle, and the right section a straight line perpendicular to 
the horizon, the wall is said to be cylindric. If the ri^ht 
sections of a wall be all equally inclined to the horizon, the 
wall is said to be conic; ^nd thus a wall takes also the 
name by which its surface is called ; hence a straight wall, 
which has its right sections eillier vertical or at the same 
inclination, is called a plane wall. 

A wall in tallus, or a battering waU, is that of which the 
vertical section of the principal face is a straight line not 
perpendicular to the horizon. This vertical section is called 
the tallusMne. 

The horizontal distance between the foot of the tallns- 
line and the plumb-line, passing through its upper extremity, 
is called the quantity of' batter ; and the plumb line, from 
the top of the tallus-line to the level of its foot, is called 
the vertical of the batter. 

The interstices between the stones, for the insertion of 
cement or mortar, in brd^ to connect the stones into one 
solid mass, are called joints^ and the surfaces of the . stones 
between which the mortar is inserted, are called the side9 
of the joints. 

When the sides of the joints are everywhere perpen- 
dicular to the £Etce of a wall, and terminate in horizontal 
planes upon that face, such jdnts are called coursing joints; 
and the rQW of stones between every two coursing joints, is 
called a course of stones. 

An arch or v(mlt^ in masonry, is a mass of stones sus- 
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pended over a hollow, and supported by one or more walls 
at its extremities, the surface opposed to the hollow being 
concave, and such that a vertical line, descending from any 
point in the curved surface, may not meet the curved surficK^ 
in another point. 

The concave surface under the arch or vault, is called the 
intrados of that arch or vault ; and if the upper surface be 
convex, this convex surface is called the extradas. 

Those joints which terminate upon the intrados in hori- 
zontal lines, are called coursing joints^ and the coursing 
joints will either be straight, circular, or elliptic, accordingly 
as the horizontal sections of the intrados are straight, cir- 
cular, or elliptic. 

Whether in walling or in vaulting, the joints of the stones 
should always be perpendictilar to the face of the wall, or to 
intrados of the arch, and the joints between the stones 
should either be in planes perpendicular to the horizon^ or 
in sur&ces which terminate upon the &ce of the wall or 
intrados of a vault in horizontal planes; these positions 
being necessary to the strength, solidity, and durability o£ 
the work. 

Walls and vaults being of various fonns ; viz. straight, 
circular, and elliptic, depending on the plan of the work ; 
hence the construction will depend upon the simple figure 
or upon the complex figure when combined in two. 



SECTION II. 

ON OBLIQUE ARCHES. 
PROBLEM I. 

To execute an oblique cylindroidic arch, intersecting each 
side of the wall in a semi-cirde, the imposts of the arch 
being g^ven. 
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Let Jig. 1, Tlaie X. be the elevation, and in fig. % let ABCD, 
EFGH, be the two imposts which are equal and similar parallelograms, 
having the sides AB, FE one of each in a straight line, and the sides 
DC and OH in a straight line. 

Join GC, and on GC as a diameter, describe the semi-circle GICj 
which, if conceived to be turned upon the line DC as an axis, until its 
plane become perpendicular to the seat BCGF of the soffit of the arch, 
it will be placed in its due position. Divide the semi-circular arc CIG, 
into as many equal parts as the ring-stones are to be in number. We 
shall here suppose there are to be nine ring-stones. From the points 
of. diviiioQ, 1, 2, 3, &c. draw ordinates perpendicular to GC, meeting GC 
in the points p, 9, r, &c. Perpendicular to CB, the jamb line of the im- 
post, draw the lines, pi, ^2, r3, &c. ; from the point C as a centre, 
with the chord of one-ninth part of the semi-circular arc, CIG', describe 
an arc intersecting pi CB at 1 ; from the point 1, with the same radius 
describe an arc intersecting the line ^2, in the point 2 ; from the point 2 
as a centre with the same radius, describe an arc intersecting the line r3, 
in the point 3 ; and so on. Join the point C and 1 ; 1 and 2, 2 and 3, 
&c. and thus form the entire edge CKL, of the developement of the 
semi-circular arc CIG. 

Through the points 1, 2, 3, &c. in CKL, draw the lines 1/3, 2y, 3^, 
&& parallel to CB, and make 1/3, 2y, 3^, &c. each equal to CB ; and join 
B/3, /3y, yl, &c. ; then CB/31 is the soffit of the first ring-stone ; 1/372, 
is the soffiit of the second ring-stone ; 2y^, the soffit of the third ring- 
stone, and so on. 

Perpendicular to GF draw ¥Z ; produce CB to J ; and parallel to CJ, 
draw p#, 9^,rtf,&c. Intersecting FJ in the points v, m^ x, &c., make vst 
wf, xu. Sec, respectively equal to pi, ^, rS, Sic. Join J and #, s and t, 
t and U/&C.'; and complete the polygonal line JuF, Through the points 
s, t, u, &c. draw the joint lines jry, /z, uO, radiating to the point o; 
then will the angles of inclination of the beds and soffits be NJs, ifsJ, 
the first ring-stone ; i/st, zts, for the second ring-stone ; z(u, Out for the 
third ringstone ; and so on. 

From any point B in EC, fig. 3, make the angle CBA equal to the 
angle ABC, of the impost y?^'*. 2. Prolong CB to£. From B as a cen- 
tre, with any radiujs describe the semi-circular arc CD£ ; and on BC as 
a diameter, describe another semi-circular arc C^B. Divide the semi-cir- 
cular arc CDE, in the points 1, 2, 3, &c. into nine equal parts, equal to 
the number of ring-stones, and draw the radials 1B,2B, 3B, &c. intersec- 
ting the semi-circular arc C^B in the pdnts/, g, h, &c. Draw CA per- 
pendicular to BC ; and in BA as a diameter, describe the same circular 
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arc BCA. From the pomt B, with the radii Bf, Bg, BA, &c describe the 
arcs /i, gk, hi, Stt, meeting the semi-circular arc BCA^ in the points i, k, I, 
&c and draw the straight lines Bt, E&, B/, &c Then» ABC being the 
angle o£ the impost, ABt will be the angle of the joints at the junction 
of the first and second ring-stones ; AB^ the angle of the joints at the 
junction of the second and third ring-stones ; ABl will be the angle of 
the. joints at the junction of the third and fourth ring-stones. Sic 

To apply the moulds for cutting any one of the ring-stones, or to form 
thye jsolid angles made by the face, the two beds and the soffit of the 
stqi^; which being done will form that ring-stone. — For instance, let it 
be required to form the third ring-stone : — We have given the plain angle 
2yB, figure 2, which is a side, and the plane angle ABk, Jig. 3, 
another adjacent side; also the angle ztu, which is the inclination 
of these two sides, to construct the solid angle. This can be easily done 
by working the bed of the stone corrresponding to the joint 2y on the 
so&t^g. 2 ; then work the narrow side of the stone, from which the soffit 
is to be formed, first as a plane surface, making an angle ztu, with the 
bed first wrought ; place the surface of the mould abed, Jig. 4, upon the 
narrow side of the stone, which is to form the soffit, so that the edge ab 
may be upon the arris of the stone ; then by the edge he, draw a line : 
again upon the wrought side which is intended for the bed, apply the 
angle AB^, Jig. 3, so that the line AB may be upon the urris, and the 
point B upon the same point that b was applied ; then by the Icfg Bk, 
which is supposed to be upon the surface of the bed, draw a line ; we 
hare only to cut away the superfluous stone on the outside of the two 
lines on the bed and on the soffit ; and thus we shall form a complete 
trehedral; the plane soffit of the stone being gauged to its breadth, 
and the mould 2ed3, Jig. 1, being applied upon the last wrought side, so 
that the points d, e, may be upon the points of the stone to which b and 
c were applied ; then drawing a line by the edge d^, and cutting away 
the superfluous stone between the two lines on the front, and on the plane 
of the soffit, will form the upper bed of the stone. i 

This will be made sufficiently evident by a developement of the soffit, 
the two beds, and the front of the ring-stone. Make an equal and simi- 
lar parallelogram abed, Jig, 4, to that of 2y33,^g. 2. Make the angles 
abt^ dcgfjig. 4, respectively equal to the angles ABk, ABl, Jig. 3 ; then be 
being equal to de,Jig. 1, apply the mould 2de^, so that the points d, e may 
be upon.6c,^g. 4, and draw the front of the stone bcki,Jig. 4, and simi- 
larly draw odmL Make 6e equal to ^i, eg equal to ek, and draw e/smi 
gh parallel to ba or cd, and this will complete' the developement. 

A complete model of the stone will instantly be formed, by revolving 
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die four sides oft^ bckif cdhg, dalm, upon the fbar lines ba, he, cd^ da 9m 
axes, uatil e ooiiieide with t, k with g^h with m, and I with^ 

We have here made use ef the developement of the intrados in the 
constmction of the solid angles^ as being' easily eomprehended. The ring*- 
stones might, however, have been formed by the angle of the joints, which 
is one side of a trehedral; one of the angles of the hcQ mould, which is 
the other adjacent side ; and the inclination of these two sides ; so that we 
shall have here also two sides and the contained angle, to construct the 
solid an^ of the trehedral. As an example, let it again be required to 
ccmstruct the third ring-stone. To find the angle which the face of the 
third ring-stone makes with the bed in- the second joint : we have here 
given the two legs ABC, CB2^g^.3, of a right-angled trehedral, tofind the 
angle which the hypotenuse makes with the side CB2 : this being found, 
will be the inclination of the &ce-mould, 2d^, fig. 1. and ^^k,fig. 3. 
Therefioe, in this case work the bed of the stone first, then the fkce, to 
the angle of inclination thus found. Upon the arris apply the leg AB of 
the joint-mould ABk,Jig, 3, so that the side BiS; may be upon the bed, 
and draw a straight line on the bed by the edge hk ; next apply the 
mould 2d&, so that the arc d2 may be upon the arris, and the 
point d upon the same point of the arris to whidi the point B was ap- 
plied, and the chord de upon the fieu^ ; then draw a line on the face of the 
stone, by the leg de \ and work off the superfiuous stone, and the fiice will 
be exhibited. F^* 5, shows the stone as wrought. 

From what has been said, it is evident that if one of the solid angles 
of a ring«8tone be formed of an oblique arch in a straight wall, the re- 
maining solid angle may be formed without the use of tiie trehedral. 
Thus, for instance, suppose the solid angle which is formed be made % 
the surfiice of the soffit, the bed, and the fiice of the arch — ^we have only 
to guage the soffit to its breadth, and apply the head-mould upon the h/c% 
of the stone ; then by working off the superfiuous stone between these 
lines, another solid angle will be formed by the surface of the soffit, the 
upper bed of the stone, and the face of the arch. 

And since the angle of the joints is the same in the lower mid upper 
beds of any two ring-stones that come in contact with each other, the 
same angle of the joints will do for both, so that in £act> if this be carried 
from one ring-stone to anoth^, the arch may be executed without any 
joint nnonld* 

This mode, would, however, not only be inconvenient, but liable to very 
great inaccuracy. It would be inconvenient, as it is necessary to work one 
stone before another, so that only one workman could be employed in the 
construction of the arch. It would be liable to inaccuracy when the 
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namber of riiig<tteiifli aie nmrnj, hi then any null enor wmU \m UMe 
to be multiplied or tnuismitted from one elone to MMiher. Beddee, h is 
aetit&ctory to hoTO « noidd to 9fipijt in order to ezemine the work in its 
progress. 

What has been noir obserred, with regard to the oblique aroh in a 
strai^ wall, and with reqpeet to the angle on the edges of the point, 
will spply to every arch of which the intrados is a cylindric or cylindroi- 
dic snriaoet 

In the construction of any ol^jeet it is always desirable to have two 

different methodsy as one may always be a proof or check to the other. 

Besides, though these methods may be equally true in principle, one of 

them may be often liaUe to greater inaccuracy in its construction than 

the other. 

PROBLEM II. 

To construct the moulds for a cylindretic oblique arch 
terminatii^ upon the face of a wall in a plane at oblique 
aisles to the springing plane of the vault, so that the cours- 
ing jcnnts may be in planes parallel to the ruller lines of the 
intrados of the vault. 

Let the vertical plane of projection be perpendicular to the axis of the 
intrados, and it will there£»re be also perpendicular to all the joints of 
which their planes are parallel to the axis : hence 

The vertica], projection of the intrados will be a curve equal and simi- 
lar to the curve of the ri^t section of the intrados. 

The vertical projections of the coursing joints will be radiant straight 
lines, intersecting the curve lined projection of the intrados. 

The vertical projections of all the joints which are in vertical planea pa- 
rallel to the axis, will be straight lines perpendicular to the ground Hue. 
The vertical projection of all the joints m, horiaontal planes, will be 
straight lines parallel to the ground-line. 

Moreover the vertical projections of the intersections of planes which 
are parallel to the axis will be points. 

The horizontal projections of the planes of the coursing jmnts, and of all 
the intersections of the planes of all joints which are parallel to the axis, 
will be straight lines perpendicular to the ground-line. 

And because the axis of the archant is perpendiculair to the vertical 
plane, the vertical projections of the intrados, and of the joints which are 
parallel to the axis, will have the same position ta one another, as the 
curve and other lines in the rigjht section which are formed by the joints 
in planes parallel to the axis. 
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All seetioiu which ai^ perpendicular to the horizon^ will have strait 
lines for Uieir horizontal projections. 

The length of any inclined line will be to the length of its projection, a» 
the radius is to the cosine of the line's indinatioi^ to the plane of projection. 
We shall suppose that the stones which oonstStitte the intrados of the 
archant, have not fewer than three, nor more than four, of their faces that 
intersect the intrados. The stones which form the face of the archant, 
when they do not reach the rear of the vault, have three oi their faces 
which*intersect the intrados, and three at least which intersect the face. 

We shall call all these surfaces which intersect the intrados, or face of 
the archant, the retreating sides of Joints of the stones; and the surfisice of 
any stone which forms a part of the intrados, the douelle of the stone. 

When the stones do not reach from the front to the rear of the intrados 
of an archant, they are arranged in rows, in such a manner, that the 
stones which constitute any one of the rows, have as many of their re- 
treating sides as there are stones in the row, in one continued surface, 
and the opposite retreating sides oi all the stones in another continued 
surface, while the heads form a portion of the intrados extending from 
front to rear of the vault, and the remaining retreating sides of the stones 
either come in contact, or are connected together by mortar. 
Every such row of stones is called a course of vaulting. 
One course may be joined to another by bringing their adjacent conti- 
nued surfaces in contact ; but they are generally cemented with mortar, 
which is called the coursing Joint, and as this cementing substance should 
be as thin as possible, and of an equal thickness, we shall suppose that 
the coursing joints intersect the intrados in lines, extending from front to 
rear of the vault, we shall call these lines the coursing lines of the in^ 
trados. 

In this example, as the vertical projection of the intrados, and of the - 
joints which are in planes parallel to the axis, are identical in all respects 
to the lines of the right section^ the dimensions between every two cor- 
responding points being equal in both, we ~may therefore substitute at 
once the right section for the vertical projection, placing the right sec- 
tion upon the ground-line UV. 

Plate XI. Let No. 1 be the right section placed in the situation of 
the vertical plane projection upon the ground-line UV, the curve-line 
COC' being the vertical projection of the intrados, AD, BF, CH, the 
projections' of the vertical projection coursing joints, meeting the projec- 
tion of the mtiietdos in -the points A, B, G. Of the6e radiant lines CH 
is the projection of tke springing. The line BP meets the lineTG pa- 
rallel, and EF perpendicular to the ground-line UV. The extrados 
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ZEDY of this ieclion is « straight line parallel to the groiuid*ltee As 
this right seetion of this yaolt is sjmmetrical^ we shall only describe one 
half, the other will be understood by the same rules. 

Let rs. No. 2, be the trace of the vertical face of the wall on the hori- 
zontal plane of projection, making a given angle with the ground-line 
UV, and let uv and rs, be the traces of the indined fetce of the wall ; 
the inclination of this face being given by a right section of the wall. 

Let FAAII, No. 3, be the right section of the wall, of which All, 
the base, is equal to the shortest distance between the two traces uv ard 
r«. No. 2, of the faces of the wall. The line Iir of this section, is the 
section of the vertical fsice, and AA, that of the inclined face of the wall. 

This section FAAII, No. 3, is so situated, that the base line ATI \& 
perpendicular to the traces uv, r^, of the faces of the wall. No. 2, the 
point n being in the line rs or tr prolonged, therefore the point A in 
the line tfv, or iu wi prolonged, and III" being perpendicular to All will 
be in the same straight line with the horizontal trace n of the vertical 
fece of the wall. 

In order to obtain the projection of the intersection (^ the intrados 
and of the joints which are in planes parallel to the axis of the intrados 
with the inclined fiace of the wall ; we must find the projection of every 
line in this inclined &ce made by the intersection of a horizontal plane 
passing through every point in the right section which is formed by 
every two lines in its construction. 

For this purpose it will be necessary to find the horizontal projection 
of every point of the lines where the intersections of the planes parallel 
to the axis meet the inclined face of the wall. To proceed : — 

Take all the heights of the points of the right section, and apply them 
respectively from the point 11 in the line TIF No. 3; through these 
points draw lines parallel to AIJ, so that each line may meet the sloping 
line A A. From each of the points in the line A A draw lines parallel to 
the horizontal trace uvy No. 2, and lines being drawn from the corre- 
sponding points of the right section will give the points required by the 
intersection of the two systems of parallel lines. 

Thus to find the horizontal projection of the intersection of any parti- 
cular line which is parallel to the axis with the inclined face of the 
wall, this line being given by its intersecting point in the right section. 
No. 1 ; this point being the intersection of one of the coursing Hne^ 
viz. the first A from the middle of the section. No. 1. 

Draw Ka perpendicular to the ground-line, and transfer the height 
KA of the point A, No. 1, upon the line Iir', No. 3, from IPt^ J. 
Dr^w 1-2 parallel to IIA; AA meeting PQ in 2. From 2 draw 2a paralM 
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t6 dtlMr of the horieontal traces uv, or rs^ No. % and the point a (No. 
3) b the horiflontal projection of the extremit j of the conning line of 
the intrados which paaaea through the point A of the right aection. 

In the eame manner may be fonnd the projections t and e of the in- 
tlrsectfons of the oonrsing joints of the intrados, with the face of the 
aidmnt, and also those of the intersections of the planes parallel to the 
axis: the projections of these points being exhibited bj Italic letters 
corresponding to these of the Roman in the right section. 

To find the developement of the intrados or soffit of the 
arch. 

Parallel to the ground-line in No. 2, draw the regulating line Se in the 
horiaontal plane of projection, intersecting the projections aaf, hlffcd, &c. 
of the coursing joint-lines in the points a, /}, y, &c. 

In any convenient situation, No. 4, draw the line VW, and in VW 
take any convenient point o. In oV make oa equal to OA> No. 1, 
the half-chord of the arc of the section of the key-course ; and in No. 4» 
make aj3, fiy, &c. equal to the succeeding chords AB^ BC, &c No^ 1, 
of the sections of the courses in intrados. 

Througlh the points a, /3, y. No. 4> draw the lines aa'^ hh', c</, perpen- 
dicular to VW> and' make aa^ fib, yc, respectively equal to aa, fib, yCp 
No. 2, as also aa', fib\ yc\ No. 4, equal to aaf, fib\ yc't No. 2. In No. 4, 
join ab, be, on the one side, and a'b', b'c, on the other ; then aa'b'b, 
bb'c'c, will be the chord-planes of the soffits of the courses of the stones 
on each side of the key- course. The figures of the chord-planes of the 
right-hand side of the arch being found in the same manner^ will give 
the entire developement of the intrados by joining the corresponding ends 
of the chord plane of the key- course. 

Through any convenient point V, No. 4, in the line VWj draw ac' per- 
pendicular to VW, and prolong WV to D. Make VD equal to AD, 
No. 1, and through D, No. 4, draw dd' parallel to ac» In ae» No. 4, 
make Va, Va', respectively equa] to aa, aa\ No. 2, and make Dd^ Dd', 
No. 4, respectively equal to Id, \d'. No. 2. Join ad, ad', then will aa'd'd. 
No. 4, be the side or figure of the coursing joint corresponding with the 
line AD, No. 1. In the same manner the remaining figures bbTf, ceVlb 
will be &UBd, as also the remaining figures of the couising-jomtB on the 
r%hl-hand aide. 

Then the figures of the moulds for the course of sUmes^ of wfaiob 
the right section is a figure e^ual and similar to ABFED, Neb 1, are 
Np. 1, and adVb, aa'd'd, bbTf, No. 4. All the stones are wrought to 
the form of right prisms before the heads in the front aad*rear of the 
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arch areiurmedt then the moalds of the upper and lower beds are ap- 
plied^ and their figures are drawn upon the sur&ces of the conraing* 
joints^ so as to give the intersections' of the coursing-joints with the boe 
of the arch. 

In the course of stones, on the left hand next to the key-course aa'b% 
No. 4« is the chord-figure of the intrados^ aaVd^ No* 4> the upper bed^ 
and bbTf the lower bed. 

To find any point in the oblique fiu:e'of the arch. Let 
tbe point to be found be the point corresponding to the 
point A. 

The place of the point A in the oblique line AA, No* 3, is at the point 
% and its place upon the projection No. 3^ is at a. Draw AY perpendi- 
cular Av, or to uv, and. in AY make A2, equal to A2 in AA. From the 
point 2, in AY, draw 2p parallel to uv, and draw ap perpendicular to «v, 
and the point p will in the curve of the oUique fiace of the arch. 

In the same manner will be fiound the points t, q, &c. in the curve of 
the oblique face of the ard^, as also all other points, b'y first finding 
their projections as at No. 2, and tbe heights of these points upon the ob- 
lique line AAy No. 3, and then transferring, the points thus fiound upon 
the perpendicular AY. Through the points found in the perpendicular 
AYy draw lines parallel to uv, to intersect with lines drawn perpendicu* 
lar to If V from the projections of the points to be found in No. 3, and the 
points of intersection Qf every two lines, wiU be the points in the obliqiie 
fiaoe of the arch, corresponding to those in the section, No. 1. 

The curve thus found in the oblique face of the arch wiU-be ai| oblique 
curve ; therefore the line uv will not be an axis, but a diameter. 

To find the direction of any joint in the oblique face of 
the arch, the plane of the joint being perpendicular to the 
springing plane of the arch. 

Suppose, for instance, the plane passing through LT in the elevation 
No. 1, perpendicular to UV. Find the projection t and / in the iunri* 
simtal plane of projection of the points represented bj T and L in the 
viertical plane of projection, and find the point tin the curve of the oblique 
&oe of the arch, corresponding to the point T in the vertical plane e€ 
projecticm ; then joining the points / and t, the straight line U will be 
the position of the joint in a plane perpendicular to the springing plane 
of the intrados of the arch. 

PkUe XII. The diagram in this plate exhibits-the construction of an 
arch of the same species as that in the preceding plate; but here the 
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figure of the cunre in the oblique face of the arch, is a given symmetrical 
figure, and therefore the right section of the arch is an oblique curve^ 
which 18 exactly the reverse of that in the immediately preceding plate. 

PROBLEM IIL 
To construct an oblique arch for a canal with a cylin- 
dric intradoSy so that the sides of the coursing joints may be 
in planes which intersect each other in straight lines per- 
pendicular to the two faces of the arch, and parallel to the 
horizon, and that the planes of the coursing joints may 
make equal angles with each other : — 

Piaie XIII. Let ABCD be the pjane of the arch ; AD and BC being 
the plans of the faces, and AB> DC^ the plans of the springing lines of 
the intrados of the arch parallel to the line of direction of the canal. 

Find the middle point e of the parallelogram ABCD, and draw e/* per- 
pendicular to AD or BC. Through any convenient point finef draw 
OH perpendicular to ef, and from the point / with a radius equal to 
half of AD or BC, describe the semi-circumference ikl meeting OH in 
i and /. Divide the circumference ikl from t into as many equal parts as 
the' coursing joints are intended to be in number : for example, let it be 
divided into nine equal parts, tl, 12, 23, &c. Draw the tangent QR pa- 
rallel to OH, and from /, and through the points l> 2, 3, &c. of division, 
draw the straight lines, fm,fn,fo, fp, &c. meeting QR in the points w. 
If, o,p. 

Through e draw si parallel to AB or DC, and draw ms, nu, ow, jo^, 
perpendicular to OH, meeting st in the points «, u, tv, y. Make ez, exy'tv, 
ei, equal respectively to ey, ew, eu, eU Prolong CD to meet e/* iny, aiad 
pndong^ and-AB to meet each other in the point /3; then with, the two 
diameters st and j3y describe the ellipse sf^ty, and with the two diameters 
uv andjSy describe the ellipse fj3ry, and so on ; then the portions of these 
dirvies comprised between the linies AD and BC, will be the plans of the 
etursing joints. •< 

* 'The method w^ich has now been shown for finding the joint lines iA 
the intrados of ' the arch is quite satisfactory ais to the principle, since it 
exhibitis the plbnb of the complete sections of the cylinder by the cutting 
frikiieit^of the joints to the several angles of inclination. We shall show 
how' the joint lines of the intrados themselves may be found, as depend- 
ing upon the plans of tlie joints. 

• To find the plane curves for the joints of the intrados : 

Having found the conjugate diametef T^y, and the semi-conjugirte es, 
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as also the aemi-oonjiigate diameters eu, eiv, ey, plate XIV, as has been 
shown in the immediately preceding plate, proceed in the following man- 
ner. Draw st, uv^ irx, yz, perpendicular to es, and make #/, uv, wx, yz, 
each equal to the radius of the semi-circle ikl. Join et^ ev^jex^ ez. Draw 
ss\ uu, wfv', ^y, perpendicular to fiy or (if; and from the point e as a 
centre, with the radii et, ev, ex, ez, describe the arcs //, vu\ xw\ zy\ 
Join e/, eii', eiv', ey'. 

With the diameters es, eu, erv*, et/, and with their common conjugate 
/3y, describe the semi-ellipsis )3#'y, fiu'y, fiwy, fiy'y, &c. then the por- 
tions of these curves contained between 4he lines BC and AD will be 
the curve lines of the joints required. 

In order to describe the curve lines of the joints of the intrados^ the 
conjugate diameters of the plans must be found. The operation by the 
following method is very convenient in finding the plans of the joint- 
lines of the intrados, but it does not afford the means of finding the joint- 
lines themselves^ and therefore is but of little use in the construction of 
the moulds. 

Let ABCD,^. 2, plate XIII^ be the plan, which is a parallelogram as 
before. Divide AB into any number of equal parts, as> for example^ into 
four, at the points 1^ 2, 3, and draw the lines la, 2/3, 3y, parallel to BC 
or AD, meeting DC in the points a, j3, y, and let kg be the ground-line 
of the elevation ; then AD, 1 a, 2/3, 3y, BC, are the plans of semi-cir- 
cular sections of the intrados, and are each parallel to the ground-line 
hgy the elevations of these plans will be semi-circles. 

These elevations being described, let efg be the elevation to the plan 
BC, klm the elevation to the plan 2/3 in the middle, between the plans 
BC and AD of the semi-circular sections of the cylinder. Let c be the 
centre of the semi-circular arc him, and divide the semi-circular arc klm 
into as many equal parts as there are intended to be courses in the arch ; 
for example, let the number of courses be nine, and therefore the semi- 
circular arc him must be divided into nine equal parts, in the points 
1, 2, 3, &c. 

From the centre 1, 2, 3, &c. and through the points of division c, draw 
lines which will be the elevations of the joints, and let pt be one of these 
lines, intersecting the five semi-circles in the points p, g, r, s, t. Draw 
the lines pu^ qvy rn>, sx, ty, perpendicular to the ground-line hg, intersect- 
ing the plans AD, la, 2/3, 3y, BC, in the points u, v, rv, x, y, and the 
line uvfoxy being drawn, will be the correct plan of the joint required. 

In the same manner the plans of the remaining joints may be found. 

£ 
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In the Supplement to the Encyclopedia Britannica, arti- 
cle Stone Masonry, (page 569, Plate CXVIII. fig. 28. T. 
Tredgold delin.) a method in order to effect the finding 
of the plan here shown, is there intended to be accomplish- 
ed ; whence the following description and diagram are verb- 
ally copied. 

<< When a road crosses a canal in an oblique direction^ the bridge is 
often made oblique. When the angle does not vary more than 10 or 12 
degrees firom a right angle, the arch-stones may be formed as already de- 
scribed ; but in cases of greater obliquity, a different principle of con- 
struction is necessary. These cases should, however, be avoided when- 
ever it is possible ; as however solid the construction of an oblique arch 
may be in reality, it has neither the apparent solidity nor fitness which 
ought to characterise a useful and pleasing object. 

" An oblique arch may be constructed on the principle of its being a 
right arch of a larger span, as is shown in^. 2, plate VI ; or in^g*. 1, 
plate XV, of this work. 

^* Let ABCD be the plan, and EFGH the corresponding points in tl^e 
elevation : in this elevation the dotted lines show the parts which would 
not be seen. 

'^ The joints of the arch are supposed to be divided upon the middle 
section, and therefore drawn to the mean centre K, which corresponds to 
the point I on the plan. 

*' Divide AD into any number of equal parts, as at 1, 2, 3, &c. and 
transferring these points to the elevation, describe the arch belonging to 
each point, and also draw the parallel lines 11, 22, &c. on the plan. 

^' To find' the mould for the arris of any joint, as a, draw ab parallel 
to the base line EF : and from a, as a centre, transfer the distances of 
the points, where the arches cut the joint, to the line ab. Then let fall 
perpendiculars from the points in the line ab, to the lines 11, 22, &c. in 
the plan, whence we find a, m, n, o, p, in the curve of the mould for the 
arris of the joint a. The mould for any other joint may be found in the 
same manner. The ends of the arch-stones will be square to the joints ; 
and pcde will be the mould for one end, and acdfihe mould for the other 
end. It will be of some advantage in working the arch-stones to observe, 
that the arch-stone being in its place, the soffit should be every where 
perfectly straight, in a direction parallel to the horizon." 

VHioever is the author of this article on stone-masonry 
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just now quoted from the work alluded to, he is chargeable 
with a description and representation which will lead the 
reader to an erroneous construction of finding the plans, or 
the arrises of the joints as he calls them. We will defy the 
writer, or even Mr. Tredgold who affixes his name as 
draughtsman to the plate, to demonstrate the truth of the 
method there described. 

After all, this method only divides the curve of the mid- 
dle section, which is parallel to the front and rear faces, into 
equal parts, and the plane passing through the semi-circular 
arc into straight lines perpendicular to the curve ; but in 
order to have the surfaces which form the sides of the 
joints in the front and rear faces perpendicular to the curve, 
and at the same time perpendicular to each face, proceed 
according to the following method, fig. 2, plate XV. 

Let lad be tlie4)lan of one pier^ and yc/* the plan of the other pier, ad 
and c/* being the plans or horizontal sections of the springing lines of the 
intrados ; also^ let LF be the ground-line parallel to the planes of the 
front and rear elevations. Describe the five semi-circles in the elevation 
as before, ABC being that in the firont, DEF that in the rear^ and 
6HI that belonging to the middle section. 

Divide the semi-circular arc GHI into the number of equal parts re« 
quired, and let the points of division be 1, 2, 3^ &c. Through the points 
I, % 3> &C. draw the straight lines lo, 2sy 3U^ &c. radiating to the cen- 
tre of the semi-circular arc ABC intersecting the curve ABC in the 
points N, R, T, and the lines NO, RS, TU, will be the joint lines of the 
face, and will be perpendicular to the curve line ABC. 

In the straight line ac, which is the plan of the face of the arc, take 
a part zn for the joint in the direction NO of the elevation, and let the 
lines IN, 2R, 3T, intersect the semi-circular arc between the parallel 
sections ABC and DEF in the points a, /3, y, 8ic. Let the points u and 
v be in the straight line ac. Make nu and uv respectively equal to 
Na, al, and draw urn and vx perpendicular to zv. 

Divide ad into as many equal parts as the thickness of the arch is 
divided into equal parts by the planes of the semi-circular arcs which are 
parallel to the planes of the front and rear faces ; that is, divide ad into 
four equal parts, and let ak^ ag, be two of those parts in succession, and 
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draw kw and gx parallel to ac; then^ n, 10, x, will be three points in the 
curve, which is the intersection of the plane of the curving joint and the 
cylindric surface, forming the intrados ; and thus we might find as many 
points as we please, by increasing the number of equi-distant sections. 
This gives the first joint next in succession to the springing AD. 

In the same manner all the other coursing joints will be found as at 
No. 2, No. 3, No, 4, &c. 

Observations on the preceding methods : — 

The most simple construction of an oblique arch with a cylindrical in- 
trados, is that where the sides of the coursing joints are in planes inter- 
secting the intrados perpendicularly in straight lines, as in the first 
example ; but when the arch is very oblique, the coursing joints inter- 
sect the planes of the two vertical feu^es in very oblique angles. 

It has been shown that when the sides of the coursing joints are 
in planes perpendicular to the firont and rear faces, these planes cut the 
intrados very obliquely, except at the middle section, or in the best 
method in the curve of the front and rear. It therefore appears, that 
in an oblique arch, in order that the surfaces of the coursing joints may 
intersect both the intrados, and the face of the arch pe^endicularly, the 
sides of the coursing joints cannot be in planes. 

In order that every arch may be the strongest possible, a straight line 
passing through any point of the surface of a joint perpendicularly to 
the intrados, ought to have all its intermediate points between the point 
through which it passes ; and the intrados, in the surfiau^ of the side of 
the coursing joint ; and in order that the stones may be reduced to their 
form in the easiest manner possible, the surfaces should be uniform ; and 
the forms of the stones should be similar solids, and the solids similarly 
situated. 

To obtain these desirable objects will not be possible where the faces 
of the arch are plane sur&ces ;. however, even in this case, the joints 
may be so formed by uniform helical surfaces, that they will intersect 
the intrados perpendicularly in every point, and the faces of the arch 
perpendicularly in two points of the curve. 

This mode of executing a bridge renders the construction much 
stronger than when the joints of it are parallel to the horizon. Since in 
this last case, the angles of the beds and the faces are so acute upon 
one side, that the points of the ring-stones are very liable to be broken, 
or even to be fractured in large masses. 

For, though the gravitating force acts perpendicularly to the horizon ; 
yet, notwithstanding, when one body presses upon the surface of another. 
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the hces act upon each other in straight lines perpendicolarly to their 
sorfaces. Hence a right-angled sdid will resist equally upon all points 
of its surface. 

From this consideration, we are induced to give a preference to the 
construction with spiral joints, though attended with greater difficulty 
in the execution. 

PROBLEM IV. 

To execute a bridge upon an oblique plan, with spiral 
joints rising nearly perpendicular to the plan^ of the sides. 

F^, I, plate XVI, is the plan of a bevel bridge ; Jig, 2, the elevation of 
the same, as the two faces of the obtuse angle are shown; the joints of the 
intrados descend from the face of the arch in such a manner, that supposing 
the lines a6, ab\ af'b'\^g. 1, to be the joints of the intrados, meeting the 
curve of the intersection of the hce of the arch and intrados in the points 
6, b', b'*, &C. then the joints ba, 6'a', b"a\ &c, are as nearly perpendicular 
to the curve bb'b"b'" as possible for the construction to admit of, supposing 
the joints to be all parallel to each other. By making the joints of the 
intrados all parallel to each other, all the intermediate arch-stones will 
have the same section when cut by a plane at right angles to the arris- 
line of the bed and intrados of the arch ; therefore, if the intermediate 
arch-stones are equal in length, the upper and lower beds must be the 
same winding surfiaces, and consequently must all coincide with each 
other, and all the end-joints must be equal and similar surfaces, and thus 
all the arch-stones may be equal and similar bodies. 

The most considerable obliquity of the joints in the intrados is at those 
two parts of the curve where it meets the horizon. The obliquity of 
the intradosal joints, at the crown of the arch, is considerably less than 
at the horizon ; but in the middle of that portion of the curve, between 
the crown' and the horizon on each side, the intradosal joints are exactly 
perpendicular to the horizon. 

Had it not been for these deviations^ the execution of this arch would 
have been extremely easy, and very few constructive lines would have 
been necessary. 

This arch, however, might be executed so that all the intradosal joints 
would be perpendicular to the curve-line of the face and intrados ; but 
this position would have caused such a diversity in the form of the 
stones as to increase the labour in a very great degree, and, consequently, 
to render the execution very expensive ; and not only so, but as the joints 
would have been out of a parallel, their effect would have been very un^ 
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liglitljr. A tueoession of eqnal figures^ dmilarly fonnedi hat a most im* 
posing effect on the eye of the spectator. The laws of perspectm pro- 
duce on the imagination a most fascinating variety, the figure. only 
varying by imperceptible degrees, which yet in the remote parts produces 
a great change. 

There is still another method in. which the greater part of the diffi* 
culty may be removed without impairing the strength of the arch{ this 
manner is to form the ring»8tones so that the joints in the intrados may 
be perpendicular to the curve forming its edge ; the intermediate por- 
tion of the intrados to be filled in with arch*8tones> which have their 
soffit-joints parallel to the horizon. This disposition of the joints might 
not be so pleasant to the eye, but, if well executed^ it could not be dis- 
agreeable. 

If the ends were made to form spirals, as in^. 3, and a wall erected 
above the arch, as this wall could only be made to coincide in three 
points at most with the face of the ardb, no regular form of work could 
be introduced so as to connect the wall to the ring-stones. 

To form the developement of the intrados of the oblique 
arch, with spiral or winding joints, and thence to find the 
plan of the developement or intrados. 

Let AC> plate XVII, be the inner diameter of the face of the ring- 
stones; upon AC describe the semi-circular arc ABC, and find its deve- 
Ic^ement upon the straight line AD. Draw the straight lines AG and 
DI perpendicular to AD. 

In AG take any point M, and draw ML^ making the angle AML equal 
to the angle of the bevel of the bridge, meeting CH in the point L. Draw 
ha perpendicular to AG', meeting AG in a- Prolong La to meet DI in 
Qt and draw ON parallel to LM, so that the distance between LM and 
ON may comprise the breadth of the bridge. Let ON meet CH in O, 
and AG in N ; then will LMNO be the plan of the bridge. Find the 
developement MPQSRN upon the straight line AG', the curve MPQ 
being the developement of the arc insisting on ML, and NRS the deve- 
lopement of the curve line upon NO. 

Draw MQ, and divide MQ into as many equal parts as there are in- 
tended to be arch-stones, which we shall here suppose to be fifteen ; 
hence there will be a ring-stone in the middle, and the number of ring- 
stones will be equal on each side of the middle one ; let P be the middle 
point of the line MQ, and let a, b, c, &c. be the points of division on one 
side of P, and d,b\d, &c. the points of division on the other side. 
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Thren^ the middle point P draw the stniglit Une WX. Through 
the points a^ b, c, &c« draw the lines do, ep, fq, &c. parallel to WX» 
meeting the canre MQ in the points k, I, m, &c. and the curve NS in 
the points o, p, q, &c ; also through the points a\ b', c\ &c draw the 
lines do'y ^p, fq, &c. parallel to WX^ meeting the curve MQ in the 
points k', /> m', &c.> and the curve NS in the points o\ p', q, &c ; then 
ao, Ip, mq, &c ; also aV, I'p, m'q'\ &c. will be the joint lines on the in- 
trados of the arch ; the heading joints are marked on the developement 
at right angles to these joints. The curves on the plan are projected by 
means of Problem I^ Ch. I. Sec. VI. 

Thus^ ^^ r is the seat of the developement do; e h s the seat of the 
developement e p, &c. 

Now as aU the intermediate arch-stones are equal and similar, it 
will only be necessary to show how one of the stones may be formed* 
For this purpose, let uvwx be the developement of the soffit. Draw 
vy parallel to MN or QS. Run a straight draught vy diagonally upon 
the intrados of the stone, making an angle uyo with the edge «y, or tur, 
of the soi|t. Draw na and fr/3 perpendicular to vy. 

Alake two moulds Z,Z to the arc ABC, so that their chords may be 
equal ; th^i cut two draughts ua and fin> so as to coincide with the 
convex edges of the two moulds Z,Z, while the straight edges of the two 
moulds ZJi ^ure out of winding. 

That is, apply the moulds Z,Z at. the same time; the one upon the 
line. «a, and the other upon the line fin; and sink a cavity or 
draught imder eadi line ; so that, after one or more trials, the convex 
edge may coincide with the bottom of each draught ; and that the point 
marked upo^ each circular edge may coincide with the bottom of the 
draught vy ; and that the two chord-lines of each circular mould may 
be in the same plane, that is in workman's terms out of winding or out 
of twist. 

The remaining superfluous part may be worked off as directed by two 
straight edges, and thus the cylindric sur€sce of the soffit of the stone 
will be formed. 

The longitudinal spiral joints may be formed by means of the bevel at 
y« where it is applied to the section of one of the arch-stones : but before 
the heading joints and beds are wrought, a pliable or flexible mould 
uvfvx must be made, and bent to the convexity of the surface, so that 
the line vy may coincide with the bottom of the straight draught first 
wrought. 

In applying the mould yt the curved edge must be laid along the line 
ua or 0nf ; and in directions parallel to these lines ; and several draughts 
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must be wrought on tbe spiral bed^ so as to coincide with the straight 
edge and the angular with the line viv, or ux. 

Having shown tbe developement of the intrados and its 
projection, it will be' proper to show how the curves are 
projected, and more particularly as it will not only show 
the application of Problem 1, Ch. I, Section VI, but also 
the positions of the sections of the cylinder, in order to find 
the proper moulds. 

Let the line AF, Plate XVIII, the edge of the triangle AEF, be the 
developement of one of the longitudinal joints, and let HG at right an- 
gles AF be the developement of one of the lines of direction of the head- 
ing joints ; then, as the projection of all the longitudinal lines is equal 
and similar, and the projection of the heading joints is equal and similar, 
one curve of each being obtained, and a mould formed thereto, each series 
of curves may be drawn by means of its proper mould. 

Divide the arc ABC into any number of equal parts at the points 
1, 2, 3, &c., and the straight line AF into the same number of equal 
parts at the points 1, 2, 3, &c. ; but it will be most convenient to divide 
eadi into as many equal parts as the ring-stones are in number, which in 
this example are fifteen. From the points I, 2, S, ^c« of division in the 
straight line AF, draw la, 26, 3c, &c. perpendicular to AE, and through 
the points 1, 2, 3, &c. in the arc CB, draw lines la, 2b, 3c, &c., parallel 
to CD, and through the points a, b, c, &c. draw a curve, which is the pro- 
jection of a cylindric spiral, and is the plan of one of the longitudinal joints 
required. In the same manner, dividing HG into the same number of 
equal parts as the arc ABC, and drawing lines as before from the divisions 
of the arc, and from the divisions of the straight line HG, to intersect 
each other respectively in the points a, b, c, &c. we shall have the curve 
of direction of the heading joints. In order to find the direction of the 
curve in the middle, it will be necessary to show the manner of finding a 
tangent in the middle of the curve. For this purpose. 

Make the angle EAA equal to EAF, and let the point m be the mid- 
dle of the curve DmA. Through the point m draw pq parallel to kAp 
and pq will be the tangent required. 

In like manner, make the angle AH/ equal to AHG, and let g be the 
middle point of the curve HgC ; through g draw rs parallel to H/, and 
rs will be a tangent to the curve HgC. 

It is here evident from the tangents, that if these two curves had in- 
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tenected each other in the middle, they wonld have been at right angles 
to each other ; they are, however, still the projections of two straight 
lines bent upon the cylindric sur&ce. 

To draw a tangent to the point n. Draw n4 parallel to EA, meeting 
the cunre AB in 4. Draw 4u perpendicular to the radical line, and make 
4u equal to the developement of the arc 4A. Draw ut perpendicular to 
AG, and join tn, which is the tangent required. 

To find the curvature of a stone along the two edges of 
the longituduial joints, and along the heading joints of the 
intrados. lu^g. 1, plate XIX, which is a developement of 
the intrados, abed is the developement of the intrados of an 
arch-stone, it is required to find the curvature along be, and 
ad, also in the direction ab, de at the ends. 

Jnjig. 2, make OA equal to the radius of the cylinder, and through 
A draw BE perpendicular to AO. Make the angle BOA equal to the 
complement of the angle which the joints in the developement of the 
intrados make with the springing lines, that is equal to the angle DAE, 
^g. 1. Make OC,^g. 2, equal to OB, and draw OD perpendicular to 
BC. Make OD equal to OA. Then with the transverse axis BC, and 
semi-conjugate OD, describe the semi-elliptic arc or curve CDB ; then 
the portion of the elliptic arc on each side of the point D will be the 
curvature in Jig. 1, along the longitudinal edge be or da of the soffit of a 
stone. 

Again, produce DO to £, and make OE equal to OD. In OB, take 
06, equal to OA, the radius of the circular end of the cylinder ; then 
with the transverse axis DE, and the semi-conjugate OG, describe the 
semi-elliptic arc DOE, and the small portion of this are on each side 
of the point G has the same curvature as ab or dc, Jig. 1. There- 
fore, the stone being wrought hollow, as directed in the description 
of the preceding plate, then the mould 8ho\^7i at D is that for working 
the longitudinal joints, or those which terminate on the soffit in the 
lines ad and be. In like manner, the mould G is that for working the 
heading joints which terminate upon the soffit in the lines ab^ dc, Ssc 
It will hardly be necessary to remind the reader, that the convex edge 
of the squares at D and G is to be applied upon the hollow soffit already 
wrought. The curvature of these moulds may be shown by calculation 
thus : let R be the radius of curvature, a = the semi-transverse axis, and 

a* 
b zz the semi-conjugate; then 6 : a : : a : R i= -r-. 
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As ior example to tkis formida* let the radius of the cylindric intrados^ 
or i =: 13 feet, and the semi-transverse axis, or a = 28 feet 

28 
28 



224 
56 



13)784(60 feet 4 inches nearly 
78 

4 
12 



)48( 

To find the angle of the joints of the face of the arch, 
and intrados of the oblique arch with spiral joints. 

Let the semi-circular arc ABC^ Plate UK, be a section of the intrados at 
right angles to the axis of the cylinder. Draw CD and AE perpendicular 
, to the diameter AC. Draw AD, making an angle with CD, equal to the 
inclination which the plane of the face of the arch makes with the ver- 
tical plane which is parallel to the axis of the cylinder, and which passes 
through the springing line of the arch. 

Find the edge DfGr of the developement and face of the arch, or draw 
the curve D/G with a mould made from the developement before 
shown. Draw the face of the ring- stones AKD. Let it now be re- 
quired to find the fourth joint from the point D. Make D/ equal to the 
portion D4 of the intrados AKD. Draw fl the developement of a part 
of the longitudinal spiral joint corresponding to the point 4 of the elliptic 
arc AKD. ' Draw the line si a tangent to the curve at f* To do this, 
we shall again repeat the process of which the principle has already been 
taught, viz* On CD, as a diameter, describe the semi-circle C^D, and 
draw fq, iiitersecting CD perpendicularly. Draw qr a tangent to the 
semi-circular arc at the point q, and make qr equal to the developement 
of the portion qJ) of the semi-circular arc. Draw r^ perpendicular to 
CD, meeting CD, or CD produced in the point t. Through /draw the 
straight line is, and is will be a tangent to the curve at the point. By 
this means we have the angles which the spiral joints in the intrados 
make at the point 4 with the elliptic curve AKD. 

To find the angle made by the normal and the curve, in 
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Jnjig. 9 draw tlie straigjit line abf and make ab eqiud to the radios of 
cnrvatnra of the elliptic arc AKD at the point 4. This radios woold 
be near enoogh to make it the half of the half som of the semi-parame- 
ters of the two axes. 

Bot if greater nicety is reqoired^ let the radios of cunratore be de- 
noted bj r, the semi-transverse axis OD or OA be denoted by a, and 
the semi-conjogate> which is the radios of the semi-circolar arc ABC, be 
denoted by h, and let the distance Op be denoted by x; then will 

rzn "S — 7 — - — y which wiD be exact to the nomber of figores 

foond in the operation here indicated. 

* Having thus fbond the radios of corvatorey either medianically or by 
caleolation^ make ab^ Jig. % eqoal to that radias. From the point a as a 
centre, with the distance ah^ describe the arc be ; and draw the straight 
line bd a tangent to the corve. 

To find the angle made by a tangent plane to the cy- 
lindric surface at the point 4, fig. 1, and the plane of 
the face of the arch. 

Draw the straight line 4u a tangent to the elliptic curve AKD at the 
point 4, and draw 4t; parallel to AD. Transfer the angle u4v to abc, 

Injig.3, at the points, in the straight line be, make the ongle cbd equal 
to the angle DOP,^. 1, which the axis makes with the plane of the face 
of the arch* Again in Jig. 3, draw ef perpendicular to ab, intersecting 
ab in the point a. Draw ed perpendicular to eb, and ee perpendicular to 
c/I Make ee equal to ed, and join ea ; then will the angle eafhe the 
inclination of the curved surface of the cylindric intrados^ and the face of 
Ihe rin^-stones. 

We have now ascertained two sides^ and the contained angle of a tre- 
hedral j in order to find the remaining parts^ the third side of this trehedral 
is the angle of the joints of the intrados and face of the arch^ by applying 
the proper curved moulds to the angular point ; it is, however^ rather 
unfavourable to our purpose^ that the angle abd,Jig^ 2, is aright angle, 
and that the angles Ift and lfs,^g. 1, differ but in a very small degree 
from right angles. As from this circumstance the principle cannot be 
made evident, we shall therefore suppose, that these angles have at 
least a certain degree of obliquity. 

In^«. 4 and 5, let ABC equal to angle If t^ fig* 1, and hJBiD,jigs. 4 and 
6, equal to the angle abd^ Jig. 2 : thus, in Jigs. 4 and 5, draw De, intersect- 
ing AB in/, or producing De to meet AB in/. At the point /in the 
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straight line efmfig.b, make the angle efg equal to the angle eac^fig. 3; 
or in^g* 4, make the angle efg equal to the supplement of the angle eaf. 
In Jigs* 4 and 5, draw ek perpendicular to BC^ meeting BC in t^ or BC 
produced in t. Draw eg perpendicular to ef, and ek to eK. Make eh 
equal to eg, and join ku Make t'K equal to t'A, and join BK ; then will the 
angle CBK be the angle of the joints of the intrados and face of the arch. 

When each of the given sides is a right angle> then the remaining side 
of the trehedral will be the same as the contained angle ; that is, the 
angle of the joints of the intrados and fSace of the arch, will be the same 
as the angle eaf, Jig, 3. In this case, no lines are necessary in order to 
discover the angle of the joints. 

In order to apply the angle CBK, one of the lines which applies to 
the face must be straight, and the curved edge shown by the bevel at D 
of the preceding plate must be so applied, that the other leg of the bevel 
may be a tangent to the curve at the angular point B, and this will com* 
plete what is necessary in the construction of an oblique arch ivith spiral 
joints. 



SECTION III. 
A CIRCULAR ARCH IN A CIRCULAR WALL. 

PROBLEM I. 

To execute a semi-cylindric arch in a cylindric wall, 
supposing the axes of the two cylinders to intersect each 
other. Given the two diameters of the wall, and the diame- 
ter of the cylindric arch, and the number of arch-stones. 

^ig' 1# P^^i^ XXI. From any point o with the radius of the inner 
circle of the wall describe the circle ABC^ or as much of it as may be ne- 
cessary ; and from the same point o, with the radius of the exterior hce 
of the wall describe the circle DEF, or as^much of it as may be found 
oonyenient. 

Apply the chord AB equal to the width of the arch^ and draw DA 
and EB perpendicular to AB or DE ; then ABED will be the plan of 
the cylindric arch. 

Draw op perpendicular to AB^ and draw tv perpendicular to op. From 
the point p as a centre^ with the radius of the intrados of the arch de» 
scribe the* semi^circular arc^^r^ ; and ft'om the same point p, with the ra- 
dius of the extrados, describe the semi-circular arc luv. Divide the arc 
qrs into as many equal parts as the arch-stones are intended to be in num- 
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ber, that ib, here into nine equal parts. From the centre p, draw linea 
through the points of division to meet the curve tuv ; and these lines 
will be the elevation of the joints ; and the joints^ together with the in« 
tradosal and extradosal arcs, will complete the elevation of the arch. 

Find the developement. Jig. 2, as in^. 3^ plate IX, and the parallel 
equi-distant lines to the same number as the joints in the elevation, will be 
the joints of the soffits of the stones ; and the surfaces comprehended bj 
the parallel lines^ and the edges of the developements^ will be the 
moulds for shaping the soffits of the stones. 

In^. 3. Let AB be equal to the diameter of the external cylinder. 
Draw AC and BD each perpendicular to AB. Bisect AB in p, from 
which describe the intradosal and extradosal arc8> and draw the joints as 
in ^. 1. Produce the joints to meet AC or BD^ in the point e, f^ g. 
Sec ; then it is evident that since every section of a cylinder is an 
ellipse^ the lines pA» pe^ pf^ pgy &c. are the semi-transverse axis of the 
curves, which form the joints in the £eu% of the arch^ and that these 
curves have a common semi-conjugate axis equal to half the diameter of 
the cylinder. 

Therefore^ upon any indefinite straight line pQ^Jig' 4> set off the semi- 
axis pk, pe, pf, pg, &C. and draw pB perpendicular to pQ. From p, 
with the radius pA, describe an arc AB. On the semi-axes pe and pB, 
describe the quadrantal curve of an ellipse ; in the same manner describe 
the quadrantal curves /B, gB, &c* Make pq equal to pq. Jig. 3, and in 
Jig, 4 draw qi parallel to pB^ intersect the curves AB, eB,/B, &c in the 
points t, k, I, &C. ; then himy hkn^ hlo^ &c are the bevels to be 
applied in forming the angles of the joints : viz. the bevel him is that of 
the impost, the straight side At being applied upon the soffit or intrados ; 
and the curved part im horizontally to the curve of the exterior side of 
the wall : the point k^ of the bevil hkn. Jig, 4, applies to the point k. 
Jig. 3, so that kh may coincide with the joint upon the intrados, and 
the curved edge kn^Jig. 4, upon the £ace kn^Jig. 3 ; and so on. 

As to the angles which the beds of the stones make with the intrados, 
they are^aU equal, and may be found £rom the elevation ^vyx^Jig. 1; 
which is the same as a section of one of the archnstones perpendicular to 
any one of the joints on the soffits. 

The feuses of the stones must be wrought by a straight edge, by per* 
pendicular lines. The first thing to be done is to work one of the beds ; 
secondly, work the intrados— at first as a plane surface at an angle sxif^ or 
xsVfJig, 1 ; then gauge off the bed of the soffit, and work the other bed 
of the stone by the angle vsx or tfxs ; then apply the proper soffit, 1, 2, 
or 3, Jig' 2 ; and lastly, the two moulds in^^. 4. 
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SECTION IV. 
A CONIC ARCH IN A CYLINDRIC WALL. 

PROBLEM I. 

To execute a semi-conic arch in a cylindric wall, sup- 
posing the vertex of the cone to meet the axis of the 
cylinder. Given the interior and exterior diameters of the 
wall, the length of the axis of the cone, and the diameter 
of its base. 

Example I. 

From the point o, plate XXII^ with the radios of the interior sur- 
face of the wall describe the arc ABC, and from the same point o> with 
the radios of the exterior sorface, describe the arc DEF^ and the ai^a 
between the arcs ABC and DEF will contain the plan of the wall. 

Draw any line op, and make op equal to the length of the axis of the cone. 
Throogfa p draw iv perpendicolar to op. From p as a centre, with the 
radios of the base of the coney describe the semi-circle qrs meeting tv in 
the points q and s. Divide the arc qrs into as mjany eqoal parts as the 
avch-stonefr are to be in nomber^ that is, in this example, into nine eqoal 
parts. Thnmgfa the points of division draw the joint lines, which will 
of coorse radiate from the centre p. The extradosal line iuv is here de- 
•eribed^ as we here soppose the cone to be of an eqoal thickness, and con- 
seqoentlj the axis of the exterior cone longer than that of the interior. 

From the points I, 2^ 3y &e. where the lower ends of the joints of the 
arch-stones meet the intradosal are, draw lines perpendicolar to iv, meet- 
ing <o in the points t, k, /, i», &c. From these points draw lines to the 
vertex of the eone at o, meeting the arc DE of plan of the wall onder the 
ardu in the points a, h, c^ -d, &c. Draw the lines ae, bf, eg, dh, &c., pa- 
rallel to the chord DE, to meet op in the points e, f, g, h, &c. and let J^B 
meet op in ir. la fig. 2, draw the straight line AB^ in which take the 
peint p near the middle of it, and make pA, pB, each eqoal to the nuCos 
of the exterior tar&ce of the cylindric walL Throogh the points A 
and B draw fg%fg^ perpendicolar to AB. 

From the point p aa a centre, with any radios, describe a semi-drcolar 
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arc* and divide it into nine equal parts as befwe. Through the points of 
division draw the radiating lines to meet fg in the points e, ft g, &c« 
From^. 1 transfer the distances Eft;^ ae, bf, cg^ &c. to ptf, pr, ps, pt, 
&c. on each side of the point p. Draw the perpendiculars rk, si, tm, &c* 
to ABy which will intersect with the radials pe, pf, pg, &c. in the points 
k, I, m, &c. ; through the points k, I, m, &c. on each side draw a curves 
and this curve will be the elevation of the intrados of the arch. 

Fig, 3 exhibits another method by which the heights of the points k^ I, 
m, might have been found. This method is as follows : — Upon a straight 
line ab, and from the point a make ab\ ac, ad, ae, &c* and q/* respectively 
equal to oi, ok, ol, Sue. Jig. 1* In Jig. 3> draw the straight lines bg, ch, 
di, ek, foy perpendicular to ab. Make bg, ch, di, ek, respectively equal to 
the heights fl, k2, 13, m4. Draw the straight lines ag, ah, at, ok, inter- 
secting /o in the points /, m, n, o. 

In^or. 2, make rk, si, im, un, respectively equal to fl,fm,fn,fo, Jig. 3 ; 
and thus the points k, I, m, &c, are found by a different method^ which is 
more accurate for ascertaining the points near the top, as the radials and 
the perpendiculars intersect more and more obliquely as they approach 
the summit. 

In some line pQ,Jig. 4, make pA, pe, pfy pg^ &c. equal topA^ pe, pf, 
pg, &c.Jlg. 2. Draw pB perpendicular topQ. From p with the radius 
pA, describe the arc AB. With the several semi-axes pe, pB ; pf pB ; 
pg, pB, &c. describe the quadrantal elliptic curves enB,foB, &c. Draw 
Bu parallel to AQ. Make the angle Bpt equal to the angle FEop,^g. 1 ; 
and let i, k, I, &c. be the points where pt intersects the curves AB* eB, 
fB, &c. Then the bevels of the joints are him, hkn, hh, &c. 

Now, if EBCF, ^g. 1, be the developement of the intrados* with the 
joints drawn on it, we shall have the soffits of the stones. 

^fig' ^t draw ab and ac at a right angle with each other. Make ab 
equal to the radius of the base of the cone, and ac equal to the length 
of its axis. Join be. From a, with the radius ab, describe an arc, 
dbe. Make bd, equal to the chord of the intrados of one of the arch- 
stones. Produce be to any point f, and draw^ perpendicular to ab, 
meeting ab in g. Draw gi perpendicular to be, and gh parallel to be. 
Make gh equal to gf, and join hi ; then hig is the angle which the 
soffits of the stones* when wrought as planes* make with the beds. 

Example II. 

To construct an arch in a cylindric wall, of which arch 
the intrados is a uniform conic surface, so that the axes of 
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conic and cylindric surfaces may meet or intersect each 
other. 

In Jig. 1, which is the plan and elevation of the arch^ the elevation be- 
ing above, and the plan below as usual, let AD be considered as the 
ground«line> and ABD the elevation of the base of the cone, which base 
is supposed to be a tangent plane to the surface of the wall ; let bdf pa- 
rallel to the ground-line AD, be the half plan of the base of the cone ; 
a'b'chgf the plan of the cylindric face of the wall ; and d'rmlk the plan of 
the intersections of the conic and the intermediate cylindric surfaces 
which terminate the interior of the aperture of the arch. 

First, to find the elevation of the intersections of the cylindric face of 
the wall and the conic surface of the intrados. Having divided the semi- 
circular arc DBA, into the equal parts Dl', 1'2', 2'3', &c. at the points 
l',^, 3f, &c., draw the connecting lines Dd, 11, Z2, 33, &c. meeting 
bd in the points in d, 1,2, 3^ &c. Draw be perpendicular to bd, and make 
be equal to the axis of the conic surface. 

Draw the straight lines dcy Ic, 2c, &c. meeting the plan of the ffice of 
the wall in the points/, g, h, and draw the connecting lines /F, gOt, AH, 
&c. intersecting the lines FC, QC, HC, &c. in the points F^ G, H, &c. 
A sufficient number of points being found in the same manner, through 
these points draw the curve EBF^ and the curve EBF will be the eleva- 
tion of the line of intersection of the conic and cylindrical surfaces re- 
quired. 

To find the elevation of the intersection of the conic surface with the 
intermediate concentric cylindric surface. Let the arc d'rk be the plan of 
this concentric cylindric surface^ having the same centre as the arc a' b* f^ 
which is the plan of the cylindric surface of the wall ; and let the straight 
lines (/c, Xc, 2c, &c. meet the arc drk in the points k, /, 9iz, &c. ; then, if 
connectants be drawn from the points k, I, m, to the elevation to meet the 
radial lines, we shall thus obtain the elevations K, L, M, of the corre- 
sponding points. Let us now suppose that a sufficient number of points 
are thus found, and the curve UK drawn through these points; then 
UK will be the elevation of the intersection of the conic and cylindric 
surfaces required. 

Let us now construct a mould for one of the joints, suppose for the 
second joint XFK, in the elevation* Draw the connectants Vu, Vv, Ww, 
Xdr, meeting the line db prolonged in the points u, v, r», J, and prolong 
the connectants Xlu, Vv, YJw, &c. to meet the plan of the exterior cylindric 
surface of the wall^ in the points d, b', c' ; and the connectant X« to meet 
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the plan of the intermediate cylindric surface in the point d', and the 
plan est of the inner cylindric surface on the point e. 

Suppose No^ 1^ No. 2, No. 3^ No. 4, to be the figures of the moulds 
of the firsts second^ third, and fourth joints from the springing-line ; and 
as it is proposed to find the figure of the joints No. 2, draw the straight 
line ux. No. 2, and in ux take uv, vtv, rvx, respectively equal to UV, VW, 
WX, in the eLev&tAon, Jig, 1. Draw in No. 2, ua, vb, rvc, xe, perpendi- 
cular to uxy and make ua, vb, tvc, xd, xe, respectively equal to ua, vh', tvc, 
xd, xe', on the plan,^g. 1. Through the points a, b, c. No. 2, draw a por- 
tion of an ellipse, and we shall have the edge of the joint that meets the 
surf&ce of the wall. Draw the straight line cd. No. 2, and this straight 
line will be the intersection of the joint and the conic surface ; the por- 
tion de. No. 2, will be the section of the inner cylindric surface. 

The remaining lines of the figure of the mould will be found in the 
same manner, and thus we shall have the complete figure, No. 2, of the 
mould. 

Fig, 2, exhibits the developement of the soffit of the horizontal cylin- 
dritic surface next to the aperture, upon the supposition that the fiace 
of the ring-stones are first wrought in horizontal lines from the curve 
EBF, to meet the inner horizontal cylindritic surface, and afterwards 
reduced to the conic form. The breadth of the stones in this develope- 
ment are not equal, but increase firom each extreme to the middle. 

The mould for the spriaging-stone is the same as the plan of the 
jamb. 

It will be necessary to work the arch-stones into prisms, of which the 
ends are the sections of the stones in the right section of the arch, viz. 
the same as the compartments adjacent to the curve in the elevation. 
The prisms being formed, draw the figure of the soffit of the stone upon 
the surfsEU^ intended for the same. Then apply the joint-mould upon 
each face of the stone intended for the joint, and draw the figure of the 
joints ; then reduce the end of the «tone which is to form a part of the 
face of the arch in such a manner that when the arch-stone is placed in 
the position which it is to occupy, or in a similar situation, a straight 
edge, applied in a horizontal position, may have all its points in contact 
with the surface of the face of the stone now formed. The face being 
thus formed, the conic surface must also be formed by means of a straight 
edge, in such a manner that all points of the straight edge must coincide 
with the surface when the straight edge is directed to the centre of the 
con^e. 
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CHAPTER IV. 

CONSTRUCTION OF THE MOULDS FOR SPHERICAL 
NICHES, BOTH WITH RADIATING AND HORIZONTAL 
JOINTS, IN STRAIGHT WALLS. 

When niches are small, the spherical heads are gene- 
rally constructed with radiating joints meeting in a straight 
line, which passes through the centre of the sphere perpen- 
dicularly to the surface of the wall, when the wall is 
straight; but when it is erected upon a circular plan, the 
line of common intersection of all the planes of the joints is 
a horizontal line tending to the axis of the cylindric wall. 

Niches of large dimensions will be more conveniently con- 
structed in horizontal courses, than with, joints which meet 
in the centre of the spheric head ; since in the latter, the 
length and breadth of the stones are always proportional to 
the diameter or radius of the sphere, and therefore when the 
diameter is great, the stones would be diflScult to procure. 

The construction of niches depend also upon the nature 
and position of the surface from which they are recessed ; 
viz. a spherical niche may be made in a straight wall, either 
vertical or inclined ; or it may be constructed in a circular 
wall, or a spherical surface, such as a dome. 

This subject, theriefore, naturally divides itself under 
several heads or branches; the principal are, a spherical 
niche in a straight wall, with radiating joints ; a spherical 
niche in a straight wall, in horizontal courses ; a spherical 
niche in a circular wall, with radiating joints ; a spherical 
niclie in a circular wall, in horizontal courses ; and, a sphe- 
rical niche in a spherical surface or dome. 
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SECTION I. 

EXAMPLES OF NICHES, WITH RADIATING JOINTS, IN 
STRAIGHT WALLS, AS IN PLATE XXIV. 

Niches of very small dimeDsions will be easily con- 
structed in two equal cubical stones, hollowed out to the 
spherical surface, with one vertical joint; the portion of 
the spherical surface, formed by both stones, being one 
fourth of the entire surface of the sphere. 

Fig. \, plate XXV., is the elevation, ^g. 2, the plan, and^^. 3, the ver- 
tical section perpendicular to the fiace of the straight wall of ^uch a niche. 

The first operation is to square the stone ; viz. to bring the head of 
each stone to a plane sur&ce, then the vertical joints and the upper and 
lower beds to plane sur&ces at right angles with the surface which forms 
the head. 

The two stones as hollowed out are shown at Nos. 3 and 4. To show 
how they are wrought, we will commence with one of the stones after 
being brought to the cubical form. Let this stone be No. 3. In the 
solid angle of the stone formed by the head, the vertical joint and the 
lower bed meeting in the point p, apply the quadrantal mould. No. 2, 
upon each side, so that the angular point of the two radiants may coin- 
cide with the point p, and one of the radiants upon the arris of the stone 
which joins the point p ; then if the face of the quadrantal mould coincide 
with the surface of the stone, the other radiant line will also coincide, 
because the angle of the mould, and all the angles of the faces of the 
stone, are right angles. 

By this means we obtain by drawing round the curved edge of the 
mould, the three quadrantal arcs aOc, agh, and cih. The superfluous 
stone being cut away, the spherical surface will be formed by trial of the 
mould. No. 2. 

Fig. 1, plate XXVI., is the elevation, and Jig, 2, the plan of a niche 
in a straight wall. 

The elevation,^g. 1, not only shows the number of stones which must 
be odd, and the number of radiating joints which must in consequence 
be one less than the number of stones, but also the thickness of these 
stones, and the moulds for forming the heads and opposite sides. 

F 2 
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The head of the niche being spherical^ makes it a surface of revolution. 
It follows therefore, that the sections through the joints are equal and 
similar figures ; hence, if all the joints were of one length, one mould 
would be sufficient for the whole ; but since in this example, they are of 
different lengths, every two joint moulds will have a common part ; and 
thus if the mould for the longest joint be found, each of the other moulds 
will only be a part of the mould thus found. 

In order to ascertain the mould for each joint, the longest being AD, 
^. 1, extending from the centre to the extremity of the stone upon one 
side of the plan, the next longest is AF, extending from the centre to 
the extremity oif the keystone, and the shortest AO. 

Upon PQ, Jig. I, make AF equal to AF', and AG equal to AO[. 
Perpendicular to PQ draw T^d, ¥f, Qg, meeting the front line RS of the 
plan^. 2, in the points d,f, g, intersecting the back line of the stone 
in the points m, n, o: then will hikedm be the mould for the first stone 
raised upon the plan, hikefn the mould for the joint on each side of the 
keystone, hikego the mould for the first stone above the springing line. 
These moulds are shown separately at I, II, III, and identified by similar 
letters. 

Nos. 1, 2, 3, exhibit the first, second, and third stones of the niche as 
if wrought to the form of the spherical sorfiftce ; No. 3 being the key- 
stone ; therefore the two remaining stones are wrought in a reverse order 
to the stones exhibited at No. I, and No. II. 

The first part of the operation is to work the stones into a wedge-like 
form, so that the right sections of these stones may correspond to the 
figures formed by the radiations of the joints to the centre A, fig, 1, 
and by the horizontal and vertical joints of the stones adjacent to those 
which form the niche ; for this purpose^ two moulds for each head will 
be necessary, viz. one whole mould must be made for each stone, and 
one mould for the part within the circle, which will apply to every 
stone, in order to form the extent of the part within the recess : thus 
a mould formed to the sectoral frustrum EE'K'K in the elevation, ^g. I, 
will apply alike to all stones as will be shown presently. 

The next thing is to form the moulds K'KDSG', K"K'G'TF" and 
K''K''F"F' of the heads, the application of these moulds is as follows : — 

Having wrought the under bed, the head and back of each stone, and 
having formed a draught next to the edge of the bed, upon the side 
which is to lie upon the cylindric part in the centre, at a right angle 
with the head, apply the mould K'KDSG', Jig. I, upon the head of the 
stone. No. I, so that the straight edge KD may be close upon the bed of 
the stone, and draw by the other edges of the mould ; thiis applied the 
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figure r'rdig ; and» in the same line n/, dose to the bed^ &ppiy the 
monld R'KEE', Jig. 1, and by the other edges of this mould draw the 
figure r'ree\ Apply the mould K'KDSG^ to the opposite^ or parallel side 
of the 8tone> dose to the bed, and draw a similar and equal figure as was 
done by the same mould when it was applied to the head ; this done, 
work the upper bed of the stone. 

Proceed in like manner with the stones exhibited at No. 2 and No. 3, 
and similarly with the stones .on the left-hand side of the arch ; the 
stones No. 1 and No. 2, answering to those on the right hand of the key- 
stone. 

In order to show the applicaliiMi of the moulds marked I. II. III. at 
the bottom of the plate, taken firom the plan. Jig. 2 ; the mould I. ap- 
plies to the under bed of the stone. No. 1 ; the next mould II. applies 
upon the upper bed of No. I, and upon the under bed of No. 2 ; and 
tiie mould III. applies, upon the upper bed of No. 2, and upon each side 
of the keystone. No. 3. . 

As every arch has both a n^^t and left-hand side, and as every joint is 
fiormed by the surfaces of two stones, every mould has four applications, 
one on each of the four stones. 

In order to render these applications of the moulds I. II. III. as 
dear as possible, the corresponding situations of the points marked upon 
each stone by each respective mould, are marked by similar letters to 
those on the moulds I. II. III. or their correspondents on the plan, fig. 2, 
viz. on the under bed of the stone. No. 1, will be found the letters 
k, if hi e, df tn, as in the mould I. ; upon the under bed of No. 2, will be 
found A', f', it', e', g', o' ; as also upon the upper bed, of No. 1, i', k\ e, g, 
and upon the right hand side of the keystone. No. 3, will be found the 
letters h", »", k", e',/", »", as also similar letters upon the upper bed. 
No. 2, to those of the mould III. 



SECTION II. 



Examples of Niches in straight Walls with horizontal 

Courses, as in Plate XXVII. 

Plate XXVIII. Let Jig. 1 represent a niche with horizontal courses. 
No. 1 being the devation, exhibiting three arch-stones on each side of 
the key-stone, and No. 2 th^ plan, consisting of two stones, making to- 
gether a semicirde, each being one quadrant. 
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The heads of the stones in the wall, on the right-hand side of the arcfa^ 
D^ch also forma portion of the concave surface^ are ABCDE^ FDCGHI, 
HOKLM, and the key-stone LKKL. Round each of these figures. cir«^ 
cumscrihe a rectangle, so that two sides maybe parallel' and two per- 
pendicular to the horizon : thus round the head of- the stone ABCJXE 
circumscribe the rectangle ANOE', round th^e figure FDGGHI> the head 
of the second stone^ circumscribe the rectangle PQRI, &c. 

Draw the straight lines am^ and ai^Jig, 2, No. 1,' forming a right' angle 
with each other ; from the point a as a centre, with the radius TC^Jig'. 1, 
describe the arc cc, meeting the lines am and ai in the points c,c\ 

Let the quadrangular figure hgfe, No. 1, be considered as the upper 
bed of a stone, which, as well as the low^r bed/ is wrought smooth, these 
two surfaces being parallel planes at a distance from each other equal 
to the line AE or NO,^g. 1. Moreover, let mcc'ikl be considered as 
a mould made to the figure before described .and laid fiat on the upper 
bed of the stone in its true position, the points c,c' of' the mould being 
brought as near to the side he as will just leave a sufficient quantity of 
stone, in order to work it complete. By the edges of the moiild thus 
placed draw the curve cc , the straight lines cftt and) c't, and the rou^ 
edges ik and ml. 

Perpendicular to the upper bed, and along the arc ct/, ctit the stone so 
as to form a surface perpendicular to the upper bed, and the surfieice thus 
formed will necessarily be cylindric ; through each of the straight, lines 
cm and c'i, cut a surface perpendicular to the said upp^ bed, and these 
surfaces will be the planes of the vertical joints, and will be at a right 
angle with each other ; then with a guage, of which the head is made td 
the cylindric surface, and which is set to the distance OD,fig. 1, No. 1> 
draw the curve line dd on the upp^ bed of the stone. Upon the lower 
bed of the stune, with the guage set to the distance NB, draw the arc 
bb'. 

The thickness of the stone is exhibited at No. 2, Jig, 2, the upper bed 
being represented by the line nr, and the lower bed by the line qu, so that 
nr and qu are parallel lines, the distance between them being equal to 
the thickness of the stone, viz, equal to AE, Jig, 1, No. 1. Lastly, with 
a plane or common guage set to the distance ]S[C,Jig. I, No. 1, draw the 
line cc on the cylindric surface, ^g. 2, No. 1. 

Now, in Jig. 2, the line dd', No. 2, represents the arc dd!, No. 1 ; cv. 
No. 2, represents the arc cc', No. 1 ; and bb'. No. 2, represents the arc 
bb. No. 1 : so that the stone must be cut away between the Hne dd' <m 
the upper bed, and cc' on the cylindric surface, by means of a straight 
edge, so as to form a conic surface ; this may be done by setting a bevel 
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to the angle EDC,Jig. I, No. 1. The conic surface thus formed will be 
one side of the joint within the spheric surface. 

Again^ cut away the stone between the line cc* on the cylindric sur- 
hce, and the arc bb' before drawn on the lower bed by means of the cur- 
ved bevel shown at A, Jig, I, No. 2, so as to form a spherical surface. 
This may be done in the most complete manner^ by applying the straight 
side of the curved bevel B,Jig. 1, No. 2, to the under bed of the stone, so 
as to be perpendicular to the curve ; then^ if the curved edge coincide at 
^11 points^ t^e surfiice between these lines will be spherical, and will 
form that portion of the head of the Niche which is contained on the 
stone. 

In the same manner all the other stones may be cut to the form re- 
quired. 

Fig, 3 exhibits the stone in the middle of the second course, and^^. 4, 
the stone on the lefifc of the same course in the angle, which last stone is 
only half of the stone represented hy Jig, 3. 

Fig* 5 exhibits the left-hand stone of the third course, taidjig. 6, the 
keystone, which is wrought into the frustrum of a cone to a given height 
in order to agree with the circular courses ; and to prevent any tendency 
of the keystone from coming out of its place, the upper part is cut into 
the frustrum of a pyramid. 

Plate XXIX, Jig, 1, represents a spheric headed niche in a straight 
wall with four arch-«tones on each side of the keystone, and therefore, 
also, with four horizontal courses ; and as the joints are broken^ if we begin 
the first course with four whole stones, as exhibited on the plan. No. 2, 
the next course will consist of three whole stones and two half stones in 
one in each angle. As the stones are here in this example projected on 
the plan as well as oh the elevation, the elevation. No. 1, not only exhibits 
the number of courses, but the number of stones also in each course. 

Fig, 1 represents a spheric headed niche in four courses besides the 
keystone. 

It may be observed once for all, that the greater the dimensions of a 
niche, the greater must also be the number of courses in the height. 

The principles for cutting the stones of these niches, is the same as has 
already been explained for Plate XXVIII. 
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CHAPTER V. 

CONSTRUCTION OF THE MOULDS, AND FORMATION OF 
THE STONES, FOR DOMES UPON CIRCULAR PLANES, 
AS IN PLATE XXX. 



ON THE CONSTRUCTION OF SPHERICAL DOMES* 

Since walls and vaults are generally built in horizontal 
courses, the sides of the coursing joints in spherical domes 
are the surfaces of right cones, having one common vortex 
in the centre of the spheric surface, and one common axis ; 
hence the conic surfaces will terminate upon the spheric 
surface in horizontal circles : again, because the joints be- 
tween any two stones of any course are in vertical planes 
passing through the centre of the spheric surface, the planes 
passing through all the joints between every two stones 
of every course will intersect each other in one common 
vertical straight line, passing through the centre of the 
spheric surface. 

The line in which all the planes which pass through the 
vertical joints intersect, is called the axis of the dome. 

Because a straight line drawn through the centre of a 
spheric surface, perpendicular to any plane cutting the 
spheric surface, will intersect the cutting plane in the centre 
of the circle of which the circumference is the common 
section of the plane and spheric surface, the axis of the 
dome will intersect all the circles parallel to the horizon in 
their centre. 

The circumference of the horizontal circle, which passes 
through the centre of the spheric surface, is called the equa- 
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tarial circumference^ and any portion of this circumference 
is called an equatorial arc. 

The circumferences of circles, which are parallel to the 
equatorial circle, are called parallels of altitude^ and any 
portions of these circumferences are called arcs of the parat- 
lek of altitude. 

The intersection of the axis, and the spheric surfeure, is 
called the pole of the dome. 

The arcs between the pole and the base of the dome, of 
the circles formed on the spheric surface by the planes 
which pass along the axis, are called meridiansj and any 
portions of these meridians are called meridianal arcs. 

The conical surfaces of the coursing-joints terminate 
upon the spheric surface of the dome in the parallels of 
altitude, and the surfaces of the vertical joints terminate in 
the meridional arcs. 

Hence in domes, where the extrados and intrados are 
concentric spheric surfaces, two apparent sides of each 
stone contained by two meridional arcs, and the arcs of 
two parallel circles are spheric rectangles, the two sides 
which form the vertical joints are equal and simUar fhis- 
trums of circular sectors, and the other two sides forming 
the beds are frustrums of sectors of conic surfaces. 

In the execution of domes, since the courses are placed 
upon conical beds which terminate upon the curved sur- 
faces in the circumferences of horizontal circles, they are 
comprised between horizontal planes, and therefore may 
be said to be horizontal. Hence the general principle of 
forming the stones of a niche constructed in horizontal 
courses may likewise be applied in the construction of 
domes. 

Each of the stones of a course is first formed into six 
such faces as will be most convenient for drawing the lines 
which form the arrises between the real faces. Two of 
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these ppeparatoiy faces are formed into unifbrm concentric 
cylindric surfaces, passing through the most extreme points 
of the axal section of the course in which the stone is in- 
tended to be placed, the axis of the dome being the common 
axis of the two cylindric snr&ces of every course. 

Two of the other surfaces are so formed as to be in plans 
perpendicular to the axis of the dome, and to pass through 
the most extreme points of the axal or right section of the 
course, as was the case with the two cylindric surfaces. 

The extreme distance of the two remaining surfaces 
depends upon the number of stones in the course. These 
surfaces are in planes passing through the axis, and are 
therefore perpendicular to the other two planes. As these 
planes, which pass through the axis, form the vertical 
joints, they remain permanent, and undergo no alteration 
except in the boundary, which is reduced to the figure of 
the axal section of the course. 

In order to find the terminating lines. of the last and per* 
manent faces, draw the figure of the section of the course, 
upon one of the two vertical joints in its proper position, 
then two of the comers of the mould will be in the two 
cylindric surfaces, one point in the one, and the other i^, 
the other, and the two remaining corners of the mould Will 
be in the two surfaces which are perpendicular to the axis, 
one point of the mould being in the one plane surface, and 
the other point in the other plane surface. 

Draw a line on each of the cylindric surfaces through the 
point where the axal section meets the surface parallel to 
one of the circular edges, and the line thus drawn on each 
of the cylindric surfaces will be the arc of a circle in a plane 
perpendicular to the axis of the two cylindric surfaces, and 
will be equal and similar to each of the edges of the cylin- 
dric surface to which it is parallel ; but in the first course of 
a hemispheric dome, thete will be no intermediate line on 
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the ooQvex side, since the circular arc terminating the lower 
edge« will also be the, arris line of the convex spheric surface 
and the lower ibed of the stone, which, in this course, is a 
plane surface. 

In all the. intermediate courses of the dome, between the 
summit and the first course, the line drawn on the convex 
cyUndric surface will be the arris line, between the convex 
spheric surface, and the convex conic surface, which forms 
the lower bed of the stone ; and in all .the courses from the 
base to the summit,, the line drawn on concave cyUndric 
surface wiH be the arris line between the concave conic surr 
&ce forming the upper bed, and the concave spheric surface 
of the stone, which concave surface will form a portion of 
th^ interior surface of the dome. 

Qn the up^rpjlane surface of each, stone to.be wrought 
for the first course, draw. a line parallel to one of this cir- 
cular edges ; but in each of the stones fqr the interrae-. 
diato courses between the first course and the key-stone at 
t^e sumi|iit,,draw a line on each of the planes which ai:e 
perpendicular to the axis parallel to either of the edges, of 
the face upon whigh the line is made through the com- 
nMD point in the vertical plane of the joint and the hori- 
zonud plane, then the line drawn on the top of every 
stone will be the arris line between the convex spheric, 
and' the concave conic surfaces to be formed, and the line 
drawn on the under side of any stone in each of the inter- 
mediate courses will be the arris between the convex conic 
and the concave spheric surfaces to b§ formed; that is J^, 
tween the sur&ces which will ferm the lower bed and a 
portion of the interior sur&ce of the dome. 

Draw the form of the section of the course upon the 
plane of the other joint, so that the corners of the quadrila- 
teral figure thus drawn, may sgree vri^h the four lines drawn 
on the two cylindric, and on the two parallel plane surfaces. 
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Lastly, reduce the stone to its ultimate figure by cutting 
away the parts between every two adjacent Imes which are 
to form the arrises between every two adjacent surfaces^ 
until each surface acquire its desired form. 

Each of the* spherical surfaces must be tried with a 
circular edged rule, in such a manner that the plane of 
curve must in every application be perpendicular to each 
of the arris lines, the mould for the convex spheric sur&ce 
being concave on the trjring edge which must be a por- 
tion of the convex side of the section, fig. 1, and the mould 
for the concave side convex on the trying edge, and a 
portion of the concave arc forming the inside of the sec^ 
tion. 

The two conical surfaces of the beds, and the two plane 
surfaces of the vertical joints, must be each tried with a 
straight edge, in such a manner that the trjdng edge must 
always be so placed as to be in a plane perpendicular ta 
each of the circular terminating arcs ; so that the surfaces 
between these arcs must always be prominent until the 
trying edge coincide with the two circular edges, and 
every intermediate point of the trying edge with the 
surface. -:• ■ • 

FlaJte XKXlyJig, 1. Let Abcdef .... Y^ be the exterior curve of the 
section divided into the equal parts AA, be, cd, &c. at the points 6, c, Sec. 
so that each of the chords Ab, be, cd, &c. may be equal to the br^idth of 
the stones in each of the circular courses ; also let ghijkl . . • • X^ be the 
inner curve of the section, divided likewise into the equal arcs gh, hi, if, 
&c.. by the radiating lines bi, ci, &c. ; hence Abhg is a right section 
of the first course ; and^ therefore^ the figure of the joint at each end of 
every stone in the first course ; likewise bcih is the right section of the 
second course ; and^ therefore, the figure of the joint at each end of 
every stone in the second course. 

Since the entire exterior curve of the axal section of the dome is 
divided into equal parts alike from the base on each side of the section ; 
and since the exterior and interior sides of the section are each a semi- 
circular arc^ and described from the same centre ; and since the dividing 
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lines bk, ci, &c. radbte to this centre^ all the aecdona of the oounes, 
and the boondaries of the yertical joints will be equal and similar 
figares ; and^ therefore^ a moold made to the figure of the section of any 
course will senre for the vertical joints of all the stones. 

Fig, 2 exhibits one-fimrth part of the plan of the convex side of the 
dome, showing the number of courses, and the number of stones in each 
quarter-course, there being three stones of equal length in each quarter- 
course. 

In the first or bottom course, mnop is the plan of the convex side of 
one of the stones, and m'Mcfp' the plan of the ccmcave side of the same 
stone ; and, in the second course, qrst is the plan of the convex side of 
one of the stones, and ^/lY is the plan of the concave side of the same 
stone ; so that in the first course tnnoy is the figure of the top and bot- 
tom of one of the ring-stones, po is the intermediate line on the top, and 
mV that on the bottom, and so on for the remaining stones. 

All the stones of any course being equal and similar solids, and alike 
situal^ed, the same mould which serves to execute any stone of any one 
course will serve to execute every stone of that course ; but every course 
must have a different set of moulds from those of another, except the 
figures of the vertical joints, which will be all found by one mould, as has 
been already observed. 

The reader, who has a competent knowledge of the constructioa of 
niches in horizontal courses, will not be at any great loss to understand 
the construction of domes ; or if the construction of domes is well under- 
tBtood, he cannot be at any loss to comprehend the construction of niches; 
hoover, as there are many observations respecting the construction of 
domes that do not apply to niches, particularly as the dome in the pre- 
sent article has two apparent sides, in order to prevent the reader from 
wasting his time in referring to both articles, we shall here conduct him 
through the formation of one of the stones in the first two courses, the 
figure of the stones in the remaining courses being found in a similar 
manner. 

In,^. 1 draw AD perpendicular to the ground-line AY, and through 
k draw BC also perpendicular to the ground-line AY. Now AB as well 
as Ag being upon the ground-line, therefore to complete the rectangle 
ABCD, so as to circumscribe the section Abhg, and to have two vertical 
and two horizontal sides, draw through the point b the remaining side 
DC parallel to AY. 

The rectangle ABCD is the section of a circular course of stone, or 
that of a ring contained by two vertical concentric unif<Hrm cylindric sur- 
faces and by two horizontal plane rings, the radius of the concave cylin- 
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CHAPTER V. 

CONSTRUCTION OF THE MOULDS, AND FORMATION OF 
THE STONES, FOR DOMES UPON CIRCULAR PLANES, 
AS IN PLATE XXX. 



ON THE CONSTRUCTION OF SPHERICAL DOMES* 

Since walls and vaults are generally built in horizontal 
courses, the sides of the coursing joints in spherical domes 
are the surfaces of right cones, having one common vortex 
in the centre of the spheric surface, and one common axis ; 
hence the conic surfaces will terminate upon the spheric 
surface in horizontal circles : again, because the joints be- 
tween any two stones of any course are in vertical planes 
passing through the centre of the spheric surface, the planes 
passing through all the joints between every two stones 
of every course will intersect each other in one common 
vertical straight line, passing through the centre of the 
spheric surface. 

The line in which all the planes which pass through the 
vertical joints intersect, is called the axis of the dome. 

Because a straight line drawn through the centre of a 
spheric surface, perpendicular to any plane cutting the 
spheric surface, will intersect the cutting plane in the centre 
of the circle of which the circumference is the common 
section of the plane and spheric surface, the axis of the 
dome will intersect all the circles parallel to the horizon in 
their centre. 

The circumference of the horizontal circle, which passes 
through the centre of the spheric surface, is called the equa- 
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gurftoc, we ihall tbua have the arris-lines between the spheric and conic 
surfaces. 

The solid being cut as before directed between the arris-lines until the 
surfaces are duly formed^ we shall have also one of the sUmes in the se- 
cond course completely prepared for setting. 

Perhaps for preparing the stones for the first and second courses, as 
also the stones near the summit, no better method can be folhywed than 
that which we have employed in preparing a stone in eadi of the two 
lower courses, yet as the saving of an expensive material and labour is a 
desirable object, we shall here show how the waste of stcme and the 
labour of the workman may in a considerable degree be prevented. 

Plate XXXII. Another Method. 

\. 

Let Jig* 1 be a secticm of the dome, and Jig. 2, a plan of the same, 
showing the ccmvex side. Now as the saving of material will be prin** 
cipally in the stones which constitute the intermediate courses, we shall 
select, for an example, the fifth stone from the bottom and from the 
summit. The section of this stone is abed, Jig. 1. 

Draw de parallel, and ae perpendicular to the base of the dome. 
Then instead of first working the sides of the stone, so that the section 
may be a rectangle, of which two sides are parallel and two peirpendicii- 
lar to ^e horizon ; let it be wrought into the form abode, so that the 
part de may be parallel to the horizon. 

Let the section abcde be transferred to No. 1 , at abede, and leiijgki,. 
No. 1, be the sectioa of the rough stone, out of which the conrsing^stDne of 
the dome is to be wrought ; the sides of the section of the rough stone 
having two parallel and two perpendicular faces to the lower bed of the 
stone. The wrought stone must be selected sufficiently large, so that,, 
when it is reduced to the intended form, all the spherical and conical 
surfaces must be entire, and thus the arrises will also be entire. 

The first operation is to reduce the stone by taking away a triangular 
prism from the top ; the section of which prism is represented by iUt, 
No. 1, so that the surface, of which the section is de, may be a plane 
surface. 

No. 2 is an orthographical projection of the stone^ of which the sectioA 
is tfghkl, after being thus reduced, qrst representing the plane surfiute, 
of which the section is Id, No. 1, is parallel to the plane, of piojectioa. On 
the plane surface qrst, No. 2, apply a mould xuvw, so that the radiuaef the 
curved edge uv, may be equal to the line dx,Jig. I,d9 being parallel to the 
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hame, netkmg the uda ia x, aad tkat m arid ip jr maj be slraii^t linea 
teiidiiig to the centre ef the ire «#; and that the dioid of the are lur 
may be equal to the loigth of the chord of the upper arris of the atone* 
Dnur lines dei^ tm, trf> and mw, ef the aMoid^ and let t?ia be the line 
dnfiTB by the cnnred edge rv of the meold, nv the line drawn by the 
stmiglit edge u$ of the mould, and xv the line drawn by the straight 
edge xw «f the maakL 

Take the mould away, and there will remain the three lines, viz. the 
arc vw, and the straight lines m and wx, which radiate to the centre. 
Then vw is the upper arris of the stone, and the straight lines vu and wx, 
as in the planes of the meeting joints of the two adjacent^ stones in the 
same course to that which is now in the act of working. 

The second operation is to work the spherical surface by means of the 
bevel edc. Jig. 1, in such a manner, that while the point d is upon any 
point of the arc rv. No. 2, the straight edge de may coincide with the 
plane mahce xutw^ No. 2, and the curved edge dc may coincide with the 
spherical surfJEice required to be formed, and lastly, that the plane of the 
bevel cde may be perpendicular to the arris line rzp. 

The third operaticm is to find the vertical joints of the stone : these will 
be formed by means of a common square, of which the right angle is con- 
tained by two straight lines, so that when the vortex of the angle of the 
aquare is upon any point of the line vzp or «x, No. 2, the inner face of 
application of the third part must be upon the plane surfeu^e tuvw, and 
the edge of application of the thin part upon the vertical joint, and that 
both edges of applicaticm may be perpendicular to the line vw or trx. 

The fourth operation is to form the conical upper bed of the stone by 
means of the bevel ^A,^g-. 1, so that when this conic sur£Eu;e is wrought 
to the required form, and the vortex g of the angle is applied upon any 
point of the curve uv. No. 2, the curved edge gh may then coincide with 
the spherical vaxhuce, and the straight edge gf with the conical bed 
thus formed, the edges gf and gh being perpendicular to the arris ux. 

Thus four sides of the stone are now formed, viz. the convex spherical 
surface, the concave conical surface, and the two vertical joints of the 
stone. By gauging the spherical surface to its breadth, the under or 
convex conical surface may be formed by means of the same bevel ^A» 
Jig. 1, and gauging the sides of the stone which form the joints, viz. the 
concave and convex conic sur£su»s which form the upper and lower beds, 
and the two vertical joints from the spherical convex surface, we shall 
now be enabled to form the concave spherical surface by means of a slip 
of wood, of which one edge is formed to the curve of the inside of the 

G 2 
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section^ No. 1^ and thus we have formed a stone of the fifth oonrse as re« 
quired to be done. In the same manner the stones of every course may 
be formed. 

This method will neither require so much stone as the former or first 
method, nor yet the quantity of workmanship ; but it requires greater 
care in the execution. This last method is that which the author used 
in the construction of the dome of the Hunterian Museum at Glasgow. 
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CHAPTER VI. 

CX>NSTRUCnON OF CIRCULAR ROOFS» OF WHICH THE 
EXTERIOR AND INTERIOR SURFACES ARE CONICAL 
AND CONCENTRIC WITH EACH OTHER. 

PROBLEM. 

To execute a Tanlt, of whidi both the extrados and 
intrados are oonk nataoes, having a common vertical axis» 
the solid being eqoalty thidL between the OMiic surfisures, 
so that in the joint lines those of beds maj be hoiizimtal, 
and those of the hfadings in vertical |danes passing along 
the axis. 

The easiest metliod of execnting this, is to ^omi the beds so that when 
built thej win unite in horizontal planes, and the headings in Tertical 
planes. . 

Let ABC, fSg. 1, be a secdoo of the exterior sor&oe, and £F6 a aa&- 
tion of the interior sorfiwe; the lines AB and £F bring pandlel, as also 
the lines CB and 6F. 

In order for the easj application of the bevels, it will be oonTenient to 
work the exterior fiices of the stones first as plane siir£ioes ; then form the 
joints by means of a fiice mould, and the angles which the j<Hnts make 
with the planes of the £ices by means of the bevels, and lastly, ran a 
draught upon each end of the fiice first wrought according to the proper 
curve of the cone. 

Let dro be the exterior line of the plan, D being the centre of all the 
circles which form the seats of the joint lines in the plan. Divide the 
semi-circalar arc dsv into as many equal parts as the number of vertical 
joints in the semi-circumference. 

Let there be five stones, for instance, in each quadrant ; therefore, ifds 
and tv be quadrants, diride ds into five equal parts, and let de be the 
first part. Through the point e, draw the radius /D. Bisect the arc dc 
in Of and draw C/a tangent to the semi-circular arc dsv at the point 0. 
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Bisect each of the arcs between the points of diyision in the quadrantal 
arc ds, and the tangents being drawn at each point of bisection^ will form 
the polygonal base Cfmnop, 

To form the angle of the mitre at the meeting of two heading joints. 
In Cf, or C/* produced, take any point g, and draw gh perpendicular to 
the diameter AC^ meeting AC in the point h. Draw hi perpendicular 
to CB, meeting CB in the point t. In DC make hk equal to hi and join 
kg; then will the angle Dkg be the berel of the mitre. 

The sections of eadi of the stones as they rise> being defb*&, e'i^fb', 
tfk'f, the dinienaioiis of the stones will be found as follows. Through 
the points e', t',/, draw the straight lines cfc', h'g', k't, intersecting the 
inner line GP in the points h', /', k\ Through b\ f, k', draw the lines 
ah', dff Kk\ perpendicular to AC. Also through the points c^, t", /, 
draw e'g', U^ as also Cc^ which will complete the sections of the stones. 
The other side, AEFB of the section, exhibits the sections of the stones 
perpendicular to the intrados and extrados of the lines ; the sections of 
the stones being AEf> E/3/r, f^yvA, and the s^oos of thie joints £r, /3/> 
ytf. To find the conre of the stone at any sectipn as £> at the point r. 
With the horizontal radius &r,fig. I, and from the centre 5, describe an 
arc r3. From the point 3, draw 32 perpendicular to br, meeting 6r in 2. 
In 2r make 21 equal to the nearest distance between the point 2 and the 
line AB. From some point found in the line br, describe an arc 13, and 
the arc 13 will be the curvature of the top of the stone at the joint. This 
is shown at /g. 2. 

Tigs, 3 and 4 exhibit another method of finding the curve at the joint, 
by means of the radius of curvature. 

PLATE XXXIV. 

The construction exhibited in this plate being similar to 
the foregoing, and may therefore be understood from the 
description now given. Only one particular which we shall 
observe is, that in the curve of the joints in the former 
case they are portions of the hyperbolic arcs, and in the 
latter case they are portions of elliptic arcs. 
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CHAPTER VII. 

CONSTRUCTION OF THE MOULDS, AND FORMATION OF 
THE STONES, FOR RECTANGULAR GROUND VAULTS. 

CONSTRUCTION OF GROINED VAULTS, WITH CYLIN- 

DRETIC SUK FACES. 

A CYLiNDEETic surface is every surface which may be 
generated by a straight line moving parallel to itself, and 
intersecting a given curve line. 

Since, in good masonry, the sides of the joints of any 
course of a vault are made to terminate upon the intrados, 
in a horizontal plane perpendicularly to the intrados, if the 
intrados be a cylindric surface, of which the sides are 
straight lines parallel to the horizon, the sides of the 
coursing joints will be in planes intersecting the intrados, 
perpendicularly in straight lines, and the course will form 
one prismatic solid; hence all the right sections will be 
equal and similar figures, and will be in vertical planes. 

The stones of a groin, wiiich have any diflSculty in their 
construction, are those at the meeting of two adjacent 
sides, and it is only the formation of these which we 
shall describe. 

In order to form the stone of any course, circumscribe 
a rectangle round each corresponding right section of the 
course, so that the sides of the rectangle may each pass 
through the point of meeting of every two sides of the 
section of the course, and that two of these sides may be 
parallel, and two perpendicular to the horizon, as was 
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done in respect of the execution of niches in horizontal 
courses, and in the formation of the stones of a dome. 

In the first place, the stone must be squared in such 
a manner, that every two faces which meet each other may 
form a right angle, and that two of the faces may be pa- 
rallel and six perpendicular to the horizon, and that only 
two of the six faces which are perpendicular to the horizon 
may form a receding angle ; and, moreover, that the figure 
of the two faces which are parallel to the horizon may be 
formed to the plan of the stone, as formed by the rectangular 
planes* 

The two vertical faces which form a right angle with 
each other, but which do not join in consequence of the 
two vertical faces which form the receding angle coming 
between them, are those two faces in the plane of the 
vertical joints. 

The figures of these faces must be miade to the rectangle, 
circumscribing each respective section. 

The next operation is to gauge two lines on the upper 
level surface, so as to form the return arris between the 
upper bed and the convex cylindretic surface on each side 
of the groin ; this operation being done, gauge two lines on 
the lower level surface, so as to form the return arris be- 
tween the lower bed and the concave cylindretic surface on 
each side of the groin. These two lines will thus form a 
right angle, which being drawn, gauge a line upon each of the 
vertical sides which form the internal right angle, and these 
lines will be the arris of the stone on each side of the groin 
between the upper bed of the stone and the concave cylin- 
dretic surface ; and, lastly, gauge a line upon each of the 
vertical surfaces which are opposite to those forming the 
internal angle, so th^i each of the two lines thus drawn 
may form the arrises between the convex surface arid the 
lower bed. 
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The arrises of the stone being thus drawn, it must be 
reduced to such surfaces, that each of the lines may be the 
arris of every two adjacent surfaces. 

The two beds of the stone are plane surfaces, and are 
therefore formed by means of a straight edge. The other 
cylindretic surfaces are brought to form by means of a 
curved edge made to the place where the stone is to be set. 
It is evident that when the curve varies, a mould must be 
made to every stone. 

Fig. 1, plate XXV, is the plan of a ground vault with its vertical right 
sections upon each side of it. In the plan A, B^ C^ D^ exhibit the spring- 
ing points of the groins^ AC and BD are the plans of the groins^ or inter- 
sections of the cylindretic surfaces. These plans of the surfaces of the 
stones in the intrados, which form the ground angles^ are exhibited along 
the lines AC, BD. 

IK L Is a section of the intrados, and pqr a section of the extrados, the 
intrados and extrados being concentric semi-circular arcs ; EFG and tnno 
are sections of the intrados and extrados of the other vault, being each a 
surbased semi-elliptic arc, equal in height respectively to the semi-circu- 
lar arcs of the other vault. 

These two sections of each vault exhibit the section of each course of 
stone, Avith the circumscribing rectangle. These stones are exhibited 
separately at No. 1, No. 2, No. 3, &c. 

No. 1 is that over the centre of the section of the semi-circular vault ; 
No. 2, that next to the stone over the centre ; No. 3, the second stone 
from that over the centre, and so on. 

No. 1, A, is a section of the course, or of a stone over the centre of one 
of the semi-circular branches of the groined vault, showing the circum- 
scribing rectangle ; and No. 1, B, is the underside of the same stone, 
forming a part of the intrados of the vault. This exhibits the stone as if 
squared with the portions of the plans of the groins, which are to be 
wrought on this stone, as also the plans of the intersections of the joints 
with the upper surface or intrados. 

Having wrought a concave draught along the lines ab, cd to the middle 
of the intrados EFG of the section of the elliptic vault, the intermediate 
surface between ab and cd may be formed by means of a straight edge 
applied parallel to ac or bd, and having wrought the concave draught 
along the lines ef, gk^ so that the points e,f, g, h may remain, while the 
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intermediate is sunk, and so that the draught thus 8unk> may have the 
same curve as the intrados line IKL of the semi-circular branch* The 
intermediate part may be formed by means of a straight edge applied 
parallel to eg or fh, and thus the two cylindretic surfaces crossing each 
other will form the groins ik, Im, which belong to the central stone^ and 
which are a portion of the whole groins resting on the springing points. 

These arrises being formed by the intersection of the cylindretic sur- 
&ces, which meet each other at very obtuse angles, ought to be done with 
care, otherwise the beauty of the intersections would be destroyed. 

No. 2, 3, &c. require a similar description to that of No. 1, and there- 
fore will be sufficiently understood from that now given. 

P and Q exhibit the manner of forming one of the stones agreeable to 
the section of one of the elliptic branches of the groined vault after hav- 
ing squared the stone, this stone being supposed to be the second from 
that over the centre. 

It is worthy of notice, that except the stone in the summit of the 
groined vault, any four stones equally distant from the centre of the 
ground ceiling, though reduced by the same moulds to the same number 
of similar surfaces, and though every two corresponding similar surfaces 
meet each other ; yet nevertheless any one of the four stones can only fit 
one of the four situations ; so that the same moulds will serve for the 
formation of four stones equally distant from the summit. 
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CHAPTER VIII. 

CONSTRUCTION OF THE STONES FOR GOTHIC VAULTS, 
IN RECTANGULAR COMPARTMENTS UPON THE PLAN. 

GROINED ARCHES SPRINGING FROM POLYGONAL 

PILLARS. 

To execute a ribbed-groined ceiling in severies, upon a 
rectangular plan^ so that the ribs may spring from points in 
the quadrantal arc of a circle, of which the centres are in the 
angular points of the plan, and to teiminate in a horizontal 
ridge parallel to the sides of the severies, and in a vertical 
plane, bisecting each side of the plan. 

Let 8TVW> Plate XXXVI. ^g. 1, be a portion of the plan consisting 
of twe severies STUX, XUVW, the points S, T, U, V, W, X, being the 
points into which the axes of the pillars are projected. 

Bisect VW by the perpendicular rL, and bisect VU by the perpendi- 
cular pL. Draw the straight lines uq, vh, wm, an, yo, radiating from V 
to meet the ridge lines rL and Lp in the points r, q, h, m, n, o, and the 
arc tz described from v in the points u, v, w, x, y, and these lines will be 
the plans of the ribs for one quarter of a severy. 

Suppose now the rib over tr to he given, and let this rib he Jig. 2, which 
is here made double. The half abc is the rib which stands upon ri, the 
curve be, fig. 2, and the plans tr, uq^ tL, nm, xn, yo, zp^fig. 1, of the ribs 
are given by the architect in the plan and sections of the work : it is the 
workman's province to find the curvature of the ribs, and the formation 
of the stones for the ceiling. 

Pot this purpose we shall suppose that the chords which are formed by 
the joints in the intrados upon the meeting of the rib over tr to be equal; 
therefore divide the curve he, fig, 2, into equal parts, so as to admit of 
vault stones of a convenient size. 
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From the points 1> 2> 3^ &c.^. 2, in the arc be, draw lines perpendi- 
cular to ab the base of the rib. Transfer the parts of the line ab to r/, 
fig. 1, and let A be one of the points representing e,fig. 2. In fig. 1, draw 
ut and produce ut, and Lr to meet each other in the point 2. Draw the 
straight line AB radiating to the point 2, to meet the plan uq in B. Join 
uv and produce vu, and Lr to meet in 3^ and draw the straight line BC 
radiating from 3, to meet the plan vL in C. Join vrv, and produce Vfv 
and Lp to meet each other in H. Draw CD radiating to the point H^ \o 
meet wm in D. Join wx and produce tvx, and Lp to meet each other in I^ 
and draw DE radiating to the point I^ to meet xn in £. Find the points 
F and 6 in the same manner as each of the points B^ C^ D^ E^ have been 
founds and the compound line ABCDEF6 will be the line of joints cor- 
responding to the point 5, fig. 2. Find the lines corresponding to the 
other joints in the same manner. Transfer the divisions in the line uq 
to the base line of^g. 3^ and draw lines perpendicular to the base as or- 
dinates. Transfer the ordinates of fig, 2 to their corresponding ordinate 
in^. 3, and draw the curves which will complete the inner edge of the 
nhfjig. 3. In the same manner find the curve of the lihs, figs. 4t, 5, 6, 
&c. which stand over the lines vL, wm, xn, &c. 

Fig. 7 exhibits a part of the plan of a groin-ceiling, consisting of two 
severies when the plans of the piers are squares^ of which the angular 
points terminate in the sides of the plan of each severy^ and then we 
have only to find the diagonal ribs and those upon the narrow side of the 
severy. It must^ however, be observed, both in figs. 1 and 7> that only 
one of the curves which belong to arches of the two sides of a severy can 
be given, the other must be found in the same manner as the curves of 
the intermediate ribs. In Jig. 7 the plan of the joints has only two 
points of convergence, which are found by producing the side of the 
square which forms the plan of the pillars, and the plan of the ridge- 
lines, till they meet each other. 

We shall now proceed towards the formation of the 
stones of the vaulting. 

Let ABCD be the plan of one quarter of a severy, and let hC and if 
be the seats of two adjacent ribs, and let Aj^/zC be the rib which stands 
upon AC, and let klmn be the plan of the soffit of a stone. Perpendicular 
to hC draw ky and Ij, and draw t/g parallel to hC. Produce nk to s and 
mil to 0. Draw io and Is respectively parallel to sn and ntn. Draw lr 
perpendicular to Is ; make lr equal to gi, and join sr. Draw lu perpen- 
dicular to sn ; and from s, with the radius sr, describe an arc meeting 
lu in the point u. Draw uv and nv respectively parallel to sn and su. 
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Perpendicular to no draw oq and tnp. Make oq and mp each equal to gi, 
and join np and nq. Draw pt perpendicular to nq, meeting nq in the 
point t To form the winding surfiEuse of the intrados^ first work the 
soffit as a plane sur£Eu;e ; on the plane surface describe the ^gs. utwo. 
Make nm equal to nt. 

In Jig, 2 make the angle abc equal to sno,Jig. 1, and make the angle cbCf 
Jig. 2, equal to onq. By problem 3, page 17f having the two le^ cba, che of 
a right-angled trehedral^ find the angle ghi, which the hypotenuse makes 
with the leg che. Secondly^ form the bed of the stone to make an angle 
at the arris-line nv with the surface usnv, equal to the angle ghi. Jig. 2. 
Draw wx upon the end of the stone thus formed perpendicular to nw^ and 
make wx equal to tp, and on the end of the stone draw nx. Join ku ; 
then the four points n, k, u, x, are the four angular points of the soffit of 
the stone. The other end of the stone will be formed in a similar 
manner. 

On the nature and construction of Grothic ceilings. 

Let A, B, C, D, Plate XXXVIII, be the springing points, AC and BD 
the plans of the groins disposed in the vertices of the angle of a rect- 
angle, their plans bisecting each other in the point e; also let QU and 
SX, passing through the point e^ and bisecting the angles AeB, BeC, CeD, 
DeA, be the plans of the ridges of the gothic arches, and let AE, AH, BJ, 
BK, CM, CN, DP, D6, be the springing lines of the gothic ceiling. 

Moreover, let the four straight lines EG, HJ, KM, NP, at right an- 
gles to QU and SX, be the plans of four right sections to each wing of 
the groined vault ; and let the springing-lines AE, DO, AH, JB, &c. 
be such as to meet respectively in the points Q, S, &c. 

To construct the ribs which are at right angles to the ridge-lines, 
and of which their plans are EG, HJ, &c. Let us suppose that the 
given rib is EFG, standing upon EG as its plan. Prolong AE and DG 
to meet each other in the point Q. Divide the half curve EF of the 
arch into as many equal parts as the number of courses is intended to 
be in the ceiling on each side of the ridge-line of the intrados of the 
arch ; let us suppose that this number is six, and that h is the first pdnt 
of division from the bottom point E of the rib, the succession of parts 
being £A, hi, &c. From the points h, i, &c. draw the straight lines hp, 
iq, &e, perpendicular to EG, meeting EG in the points p, q, &c. Through 
the joints p, q, &c. draw from the point Q the lines Qr, Qs, &&, meet- 
ing AC, the plan of the groin in the points r, s, &c., and perpendi- 
cularly to AC draw the straight lines rj, sk, &c. Make rj, sk, &c., each 
respectively equal to ph, qi, &c. through the points A, j, k, &c.r draw 
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the enrve AjkW for one-half jof the curve of the groin rib, the other half 
if STmmetrieal^ and therefore the same curre in a reversed order. 

To find the rib HIJ. Prolong AH and BJ to meet each other in the 
poiiit S, and draw the lines rS, s8, &c. intersecting HJ in the points t, u, 
&C. Draw trif uo, &c. perpendicular to H J, and make to, no, &c. respec- 
tively equal to pk, qh &c. Throng the points H, n, o, &c. draw the 
onrve HI, and HI will be the curve of one-half of the arch over the line 
HJtetheplan. 

Henee we see that the lines Jk, ki, &c prolonged will meet the line 
QR perpendkakr to the plane ABCD in the points /, g, &c at the 
ssnie heights ijf, Qg, Ste^tmphfffi, &e. of the heights of the ordinates of 
the given rib. Sinee both sides are S3rmmetricali one description will 
serve eadi of them. 
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CHAPTER IX. 

THE MANNER OF FINDING THE SECTIONS OF RAKING 

MOULDINGS. 



To find the raking mouldings of a canted bow-window, 
with munions.and transoms. 

Let the plan of the window he^g* I, Plate XXXIX^ consisting of three 
sides^ the middle one being parallel to the walls^ and the other two at an 
angle of 135 degrees each^ with the middle face of the window. 

Also, let UaQ^ ^g. 2, be a horizontal section of one of the angles, 
No. 1 being a right section of one of .the munions^ the same as the right 
section of the transom sill or lintel, and let ar. No. 2, be the line of mitre 
corresponding to AR^ No. 1^ AR being perpendicular to aQ. 

In order to find the right section, No. 2, of the angular munion. In 
the curves of the given section. No. 1, draw lines through a sufficient 
number of points perpendicular to aQ, and draw ac perpendicular to 
ar; transfer the points B G from A, No. 1, made by the perpendiculars 
to No. 2; from a to c upon ac, and from a to 6 through the points in ac 
draw lines parallel to ar, to intersect the corresponding lines parallel 
to Qa from the assumed points K, L, M, N, in the curves. No. 1, and 
through these points trace the curves which will form one side of the 
section. No. 2 ; repeat the same operation on the other side, and we shall 
have the complete section required. 

Fig, 3 exhibits the same species of lines applied to an architrave, or 
mouldings run round the two jambs and soffit of a window or door parallel 
to the face of the wall, the soffet being level, and the jambs splayed : the 
middle section, No. 1, is that which is given, being a right section of the 
moulding on the soffit. 

Fig. 4, No. 1, is the right section of the raking moulding on a pedi- 
ment, which if supposed to be given, the section No. 2 may be found as 
that at No. 2, from No. 1, fig. 2 ; but in this case No. 2 is generally 
that which is given, and the section No. 1 is traced therefrom. 
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In all these cases of raking mouldings^ draw ac perpendicular to ar 
the line of mitre. To find any point tn, take the point M in the sec- 
tion No. 1> and draw MB perpendicular to AC, Jigs, % % 4, meeting AC 
in B^ and draw Mm parallel to Rr. Makie ah equal to AB, and draw 
hm parallel to ar, and m will be a point in the curve. In the same man- 
ner will be found the points y, k, /, it, No. % from the points J/K^ Jj, N, 
No. I ; and hence the section No. 2 may be traced from No. 1. 
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CHAPTER X. 

CONSTRUCTION OF A LINTEL, OR AN ARCHITRAVE,. IN 
THREE OR MORE PARTS, OVER AN OPENING, AND 
THE STEPS OF A STAIR OVER AN AREA. 

On the method of building a lintel, or architrave, with 
several stones, so that the soffit and top of the lintel, or 
architrave, may be level ; and that the connecting joints of 
the course may appear to be vertical in the fix>nt and rear 
of the lintel, or architrave. 

A lintel, or arcliitrave, is frequently formed in several 
stones, from the difficulty of procuring one of sufficient 
length. The method of doing this is founded upon the 
principle of arching, the arch being concealed within the 
thickness of the stones. 

Fig, \y plate XL, represents the upper part of an aperture, linteled 
as specified in the contents of this chapter ; the centre of the radiating 
joints being the vertex of an equilateral triangle. 

Fig. 2 represents the top of the lintel^ exhibiting the thickness of the 
radiating joints^ and the thickness of the square joints on each side of 
the concealed arch. 

Fig. 3 represents the soffit of the lintel, exhibiting the joint lines 
perpendicular to the two edges^ as the radiating as well as the vertical 
joints, all terminate in these lines. 

No. I. exhibits the first abutment-stone over the pier ; No. 2, the first 
stone of the lintel ; No. 3, the second stone^ which forms the key ; the 
two remaining stones are the same as the first stone of the lintel, and 
the abutment-stone being placed in reverse order. 

The three stones here exhibited, show the manner of indenting the 
stones so as to form a series of wedges ; and in order to regulate the soffit. 
tb« radiations are stopped at half their height. 

H 
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No. I^ plate XLI| exhibits the method of constructing an architrave 
over columns when the stone is not of sufficient length to reach the two 
columns. No. 2, Plan of the upper horizontal side of the architrave 
exhibiting a chain-bar of wrought-iron^ with collars let in flush with the 
top bed^ the sockets being filled with melted lead round the collars. 

In the plan and elevation, the same letters express different sides of 
the same parts ; thus in the elevation^ No. I^ the letter A is written upon 
the part expressing the vertical face of the stone^ over the angular co- 
lumn ; and A on the plan^ No. 2, expresses the horizontal side or bed of 
the same stone. The letter B» on the elevation No. 1 , represents the 
vertical face of the middle stone of the architrave ; and B^ on the plan^ 
represents the bed of the middle stone. The letter C^ on the elevation^ 
represents the vertical face of the stone over the second column ; and C 
represents the upper horizontal surface or bed. Tlie stones A and C 
serve as abutments to the middle stone B, which is let in in the manner 
of a keystone^ and therefore acts as a wedge. In order to lessen the 
effect of the pressure of the inclined sides from forcing the columns to a 
greater distance, the joint /mnop has two horizontal ledges, mrip op, which 
will prevent the middle part from descending. 

D exhibits a stone in the act of setting, and is let down by means of a 
lewis ; efg represents a brick arch over the architrave, in order to dis- 
charge the weight from above, and is resisted by the abutments x, x. 
•The lateral pressure of the brick arch, and of the stone B, is entirely 
counteracted by means of the chain-bar, of which the top is repre- 
sented in No. 2. 

No. 4 exhibits a section of the work, z being a section of the arch 
in the middle, and i/ shows the void between. The right section through 
the middle of the arch at /, between the columns, is the same as sh^wn 
at yz. 

No. 3 exhibits the manner of cutting the joints of the stones over 
the column v and w, being the steps of the socket and uuu the square 
part of the joint. 

On the construction of stairs over an area to an entrance 
door. 

Stairs of this description, which consist of one flight, must 
either be supported upon a solid foundation raised from the 
ground ; or, if over a hollow, the steps must be supported 
upon a brick arch, or otherwise, by working the soffits in 
tlie form of a concave curve. 
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Since the joints should always be perpendicular to the 
curve, they must all tend to the centre of the circle which 
forms the soffit ; and since the steps should rest firmly upon 
one another, they ought to rest upon a horizontal surface . 
To accomplish these ends, every joint between two steps 
ought to consist of two surfaces, one horizontal, and the 
other part a plane, radiating to the axis of the cylinder, of 
which the soffit of the steps is the curved surface. 

Fig. 2, plate XLII, is the plan ; fig, I, the elevation of a door-way with 
steps, and^g. 3, a section of the same ; ah is the curve-line, represent- 
ing a section of the soffits. The joints are here drawn to the centre c 
of the arc ah. 

In this case^ where there are no brick arches below^ the joints should 
be plugged. Fig, 4 exhibits a section of the steps, showing the plugs, 
one in each end perpendicular to the surface of the joint. 



CHAPTER XL 

OF WATERLOO BRIDOE. 

P/a/eXLIII. exhibits a longitudinal section of one of the arches, the ad- 
jacent piers^ and part of the next adjacent arches, with the elevation of one 
of the trusses forming the centre. This elegant structure was built under 
the direction of Mr. John Rennie, civil engineer. The curve of equili- 
brium passes through the middle of the length of the arch stones^ or very 
nearly so. The hollows over the piers are raised to the level of the sum- 
mits of the arches by parallel brick walls^ and connected with blocks of 
stone from wall to wall, for supporting the road- way. 

The centering was composed of eight trusses. 

This plate is given with a view of showing the construction of masonry 
as generally applied to bridge building. The geometrical principle of 
constructing arches, and drawing the joint lines so as to be perpendicular 
to the curve, is sufficiently explained in the second section of this work. 
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ERRATA. 

Insert Plate viii. in page 22, line 6 from the top after fig. 1 ; Plate iz. page 32, 
in line 27* after fig. 1 ; Plate xxiii. page 64, in line 3, after fig. 1 ; Plate 
xxxiii. page 85, in line 15, after ABC; xxxr. page 89, line 10, instead of xxv. 
and Plate xxxvii. page 92, in line 33, after A B C D. 

In page 15, line 8, Instead of tin. gi, write f ; in page 22, line 19, insert a 
between the words in plane ; in page 25, line 22, for a in ^ a, write a ; in page 32, 
line 28, instead of P, at the end of the line, write F ; in page 40, line 6, in DC 
write G, in place of Z> ; in page 41, line 1 3, after ztu^ insert fig. 2 ; and in line 36, 
in ^ J9 1, ir^tead of t, write I ; in page 49, line 33, for 1, 2, 3, write c ; and for c 
before the last word, torOe 1, 2, 3; in page '50, line 31, instead of a, after the 
word find^ write u ; in page 51, line 16, after plan, insert fig. 2 ; in page 63, line 
24, for P Eop, write PoE; and in line 32, after 6J, write 6 e ; in page 76, line 
28, in bi write h in place of t ; in page 87, line 3, instead of ground, write 
groined ; in page 92, Ime 34, in A ^ jsr C, for z write N ; and in line 38, in ,91, wriie 
j instead qfi; in page 93, line 1, in ^, write j for i ; and in page 96, line 5, in 
a rewrite j for r. 
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TECHNICAL TERMS USED IN THIS TREATISE. 



A. 

Abscissa, a right line which bisects all the ordinates of a curve. 

Acute, any sharp edge. 

Acute angle, an angle less than a right angle. 

Angle, the space contained between two right lines which meet each 
other in a pointy but which are not both in the same right line. 

Angle of the joint lines, the angle made on either of the beds of a stone 
comprised between the face of an arch and the intrados. 

Arc, any small portion of a curve ; but in a circle^ an arc is any portion 
of the circumference. 

Arch, in masonry^ a mass of wedge-formed stones, supported at the 
extremities by abutments^ and supporting each other by their mutual 
pressure. 

Arch'Stone, one of the stones of an arch. 

Architrave, the lowest part of an entablature^ and that which rests 
upon the columns. 

Arris, the line in which two surfaces meet. 

Axal plane, a plane passing along the axis. In domes^ all the axal planes 
are perpendicular to the horizon. 

Axal section, the section of a body through its axis. 

Axis of a curve, a right line which bisects all the ordinates. 

Axis of a cone, a right line passing from the vertex to the centre of the 
base. 

Axis of a cylinder, a right line passing through the solid from the 
centre of one of the circular ends to the centre of the ottier. 

Axis of a dome, a right line perpendicular to the horizon, passing 
through the centre of its base. 
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B. 

Base, the lower line of a figure, or the lowest face of a solid. 

Base line, the line upon which a figure is supposed to stand. 

Bcue of a cone, the circular end opposite the vertex. 

Base of a cylinder , either of the two circular ends. 

Base of a prism, either of the parallel ends. 

Base of a pyramid, the figure which is joined at the vertices of its 
angles to the summit by straight lines separating every two of the sides. 

Battering rvaU, a wall of which the upper part of the surface falls 
within the base. 

Beds of a stone in walling, those horizontal faces which form the sides of 
the joints. 

Bevel bridge, a bridge in which the axes of the cylindretic surface is 
not at right angles to the face. 

Bisect, to divide any thing into two equal parts. 

Bridge upon an oblique plan, see bevel bridge. 

C. 

Canted, a prismatic body. 

Canted bow window, a window which has three or more upright faces. 
Catenarian curve, the form of the iron chain which supports the road- 
way in suspension bridges. 

Centre, a mould for supporting an arch in its progress of building. 
Centre of a figure, the pointy through which a straight line may be 
drawn in any direction which will divide the figure into two equal parts. 
Centre of a circle^ the point from which all right lines being drawn> to 
points in the line surrounding the figure^ are equal. 

Centre of an ellipse^ the point through which any diameter must pass. 
Chords a straight line drawn from any point of an arc to any other 
point of that arc. 

Circle, a plane figure of which its boundary is every where at an equal 
distance from a point within its surface, called its centre. 
Circular arc, any portion of the circumference of a circle* 
Circular arch, an arch of which the profile is a portion of the circum- 
ference of a circle^ not exceeding the half. 

Circular roofs, all roofs upon a circular plan are so called. 
Circular course, a course or row of stones in a circular wall. 
Circular edges, those edges of a stone where two surfaces meet in the 
arc of a circle. 

Circular plan, a plan of which the exterior or interior edges are the 
circumferences of circles of any portions of them. 
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Circular wall, a wall built upon a circular plan. 

Circumference, the curve line which bounds the area of a circle. 

Close curve, that which encloses a space. 

Common axis, an axis which equally belongs to two or several things, 
as the axis of a spherical dome belongs to all the Vertical great circles of 
the sphere. 

Common section, when two or more lines or surfaces all meet in. the 
same line or pointy the line or point is called the common section. 

Common vertex, is the point in which two or more plain angles or sur- 
faces meet each other. 

Concave surface, that in which, if any two points whatever be taken, 
and if a straight line stretched out between them cannot meet the sur- 
face in any intermediate point, the side of the surface on which the line 
is extended is called the concave surface, and the other is the convex sur^ 
face. 

Concentric circles, are those that have the same centre. 

Concentric conical surfaces, are those which huve the same axis. 

Concentric cylindric surfaces, are those that have the same axis. 

ConcefUric spherical surfaces, are those that have the same centre. 

Conic arch, the arch of a circular headed aperture, applied over splayed 
jambs as in doors and windows. 

Conic parabola, that parabola which is one of the three conic sections. 

Conic sections, are the plane figures made by cutting a cone, which 
do not include the triangle nor the circle* These three sections are the 
ellipse, parabola, and hyperbola. 

Conic surface, is the surface of a piece of masonry presenting the whole 
or a portion of the surface of a cone. In the construction of domes and 
tapering buildings upon a circular plan, the beds of every joint are fre- 
quently conic surfaces. 

Conic wall, a battering wall built upon a circular plan, of which wall 
the line of batter is a straight line. 

Conjugate diameter, is the term applied to the least axis of an ellipse, 
being the shortest of all the diameters of this curve. 

Construction, a drawing or building performed by certain rules, and is 
the result of the operations by which it was made to exist. 

Convex surface, see concave surface. 

Convex conical face, the convex surface of a cone. 

Convex cylindrical face, the convex surface of a cylinder. 

Course of stones, a row of stones generally placed on a level bed. The 
stones round the face and intrados of an arch, are also called a course of 
stones. 
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Coursing joint, the joint between two courses of stones. 

Coursing jmnt lines, the edges of the coursing joints in the £»cc of the 

work. 

Curved edge, a mould with one of its edges curved, in order to draw a 
curve line on the surface of a stone, or to ascertain its concavity or con- 
vexity. 

Curve lines a concave or convex line. 

Curve lined joints^ those joints which meet curved surfaces. 

Curved surface, is that which is concave or convex, see concave. 

Cylindretic oblique arch, an arch of which the axis of the surface is not 
perpendicular to the face. 

Cylindrical inirados, is the intrados of an arch, of which the surface is 
that of a cylinder, or a portion of a cylindrical surface. 

Cylindrical spiral, a spiral on the surface of a cylinder. 

Cylindrical surface, is the whole or a portion of the surface of a cylinder. 

Cylindrical wall, a vertical wall on a circular plan. 

Cylindroidic wall, a wall of which the surface is the whole or a portion 
of the surface of a cylindroid. 

D. 

Design, a scheme or drawing, of something intended to be constructed 
of stone or other material, as, the design of a house, the design of a 
bridge, &c. 

Developable surface, such as can be extended upon a plane, the sur- 
faces of prisms, cylinders, and cones are developable surfaces. 

Developementf the extension of a surface upon a plane, so that every 
point of the surface may coincide with the plane. 

Diagram, any scheme or geometrical construction of a proposition. 

Dimensions, such measures of extension as will be sufficient to ascertain 
the superfices or solidity of a body, or to construct a surface or solid. 

Double curvature, a curve of which its parts cannot be brought into gne 
plane. 

Double ordinate, two equal ordinates of a curve in a right line, separated 
by another right line called the abscissa. 

Douelle, the surface of a stone, intended to be that which is to form a 
portion of the intrados of an arch. 

Draught, a grove, or rebat, sunk in a stone for the purpose of directing 
its reduction to the required surface. 

E. 
Ellipse, a close curve which may be divided into two equal and similar 
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parts by a diameter drawn in any direction : moreover the semi*ellip8e > 
terminated by either axis, may be divided into two synrmetrical parts. 

Elliptic arc, any small portion of the curve of an ellipse. 

Equatorial circumference of a dome, the circumference at the base of a 
hemispheric dome. 

Equilateral triangle, one having three equal sides. 

Exterior cylindric surface, the curved surface of a cylinder, whether 
solid or hollow. 

Extrados, the outer surface of an arch. 

Extradosal arc, the outer curve of the section of an arch. 

F. 

Focus is one of the two points to which a string may be fixed, so as to 
describe the curve of an ellipse. 
' Foot, an extension containing twelve inches. 

Figure, any area enclosed on all sides. 

Figures of the faces of a stone, the two beds, the face or faces, and the 
vertical joint or joints. 

G. 

Geometry, the science which explains, and the art which shows, the 
construction of lines, angles, plane figures, and solids. 

Geometrical elevation, an orthographical projection of an object of which 
the surfaces are plane figures, either parallel or perpendicular to the plane 
of projection. 

Gothic arch, an arch of which the two sides of the intrados meet in a 
point or line at the summit. 

Gothic isosceles arch, a pointed symmetrical arch, of which the spring- 
ing lines are in the same level. 

Ground line, the straight line upon which the vertical plane of projection 
is placed. 

H. 

Heading, the vertical side of a stone peipendioilar to the face. 

Heading joint, the thin stratum of mortar comprised between the ver" 
tical surfaces of two adjacent stones. 

Helix, a spiral winding round the surface of a cylinder. 

Horizontal Joint, the same as the bed. 

Horizontal plane of projection, the plane which contains the plan of an 
object, or its horizontal pvojection. 
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Horizontal projection of an object, the same as the plan of the ob« 

ject. 

Horizontal trace, the intersection of any plane> and the horizontal plane 
of projection. 

Hyperhola, an open curre being one of the three conic sections of 
which the curve will ever meet a certain right line. 

Hypotenuse, the longest side of a right angled triangle. 

I. 

Inclination, the angle contained between a line and a plane> or between 
two planes. 

Irregular, a term expressing the inequality of the sides and angles of a 
body. 

Intersection, the point on which two lines meet or cut each other ; the 
line in which two surfaces cut or meet each other. 

Intrados, the inner curve of an arch. 

Intradosal curve, the inner curve of the profile of an arch. 

Intradosal joints, those joints which are seen in the intrados of an arch. 

J. 

Joints of a stone, the mortar comprehended between the adjacent sides 
of two stones and the face of the work. 

K. 

Key course, the horizontal range of stones in the summit of a vault, in 
which the course is placed. 

Key 'Stone, the stone which appears in the front and in the summit of 
an arch. 

L. 

Leg of a right-angled triangle^ one of the three sides which contain 
the right angle. 

Leg of a trehedral angle, is either of the two planes of a right trehedral 
angle, which contains the right angle. 

Line in space, any line of which the projection is required, but not in 
the plane of projection. 

Line of hatter, the line of section made by a plane and the sur&ce X>f 
a battering wall, the plane being perpendicular both to the surface of the 
wall and to the horizon. 

Lintel, the stone which extends over the aperture of a door or'^window. 
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M. 



Masonry, the art of constructing buildings of stone. 

Meridians, are the cufves on the sur^EU^ of a dome made in vertical 
planes. 

Meridional arc, a portion of the meridional curve of a dome. 

Meridional joints the vertical joint of a vault of which the horizontal 
sections are all circles. 

N. 
Normal, a right line perpendicular to a curve. 

O. 

Oblique angles, adjacent angles of which their line of separation is not 
perpendicular to the base. 

Oblique arch, a cylindretic arch of which the axis b not perpendicular 
to the face. 

Oblique bridge, a bridge which crosses a river^ and of which the faces 
of the arch are not perpendicular to the direction of the stream. 

Oblique cylinder, a cylinder of which the axis is not perpendicular to 
the circular ends. 

Oblique cylindroid, a cylindroid in which the axis is not perpendicular 
to the two bases. 

Oblique plan, a parallelogramatic plan of which the sides are not at 
right angles. 

Oblique irehedral, a trehedral of which the angles contained by any 
two of its faces are not a right angle. 

Open curve^ that which does not enclose an area. 

Ordinate, a right line comprised between a curve and its abscessa^ and 
is parallel to a tangent at the extremity of this abscessa. 

P. 

Parabola^ an open curve, being one of the three conic sections^ of which 
both of its branches may be extended infinitely without ever meet- 
ing. 

Parallel right lines, are those which can never meet. 

Parallelogram, a quadrilateral figure of which the opposite sides are 
equal and parallel. 

Parallels, the same as parallel right lines. 

Parameter, the ordinate of a conic section^ which passes through the 
focus perpendicular to the axis. 
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Perpendicular, a right line perpendicular to another right line or to a 
surface. 

Perpendicular surface^ a sur^use perpendicular to a right line, or to 
a plane. 

Plane, a 8ur£Eu;e in which all the points of a right line will coincide. 

Plane angles^ those drawn upon a plane surface. 

Plane curve, that which has all its parts in one plane. 

Plane wall, a wall of which the surface is a plane. 

Plane of projection, the plane on which an object is to be represented. 

Pole of a dome, the summit or upper extremity of the axis. 

Position, the situation in which one thing is placed in respect of 
another. 

Prism, a solid bounded on the sides by parallelograms, and on the two 
remaining faces, by polygonal figures in parallel planes. 

Problem, a proposition which proposes something to be done. 

Protectant, the distance of a point from its projection. 

Projection, the art of finding the representation of a pointy line, surface^ 
or solid. 

Proportion, the parts of two things so that the whole of the one may 
be to any one of its parts as the whole of the other is to its corresponding 
part. 

Q. 

Quadrant, the fourth part of a circle. 

Quantity of hatter, the angular distance between the plumb-line and 
the line of batter. 

R. 

Radius, a right line, of which if one end be fixed in a certain point, the 
other, if moved round, may be made to coincide with all the points of 
another line, or with the points of a surface. 

Radius of a circle, is any right line drawn from the centre to the cir- 
cumference. 

Radius of a cylinder, the radius of the circle which is the profile of 
the cylinder. 

Radius of a sphere, the right line extending from the centre to the 
surface. 

Radius of curvature, the radius of a circle which has the same curvature 
as the curve at the point to which this radius belongs. 

Radiating joints, those joints which tend to a centre. 

Raking mouldings, moulding which run in an inclined position. 

Rear line, a line on the back part of any thing. 
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Regulating line, a line which fixes the position of other lines. 

Retreating sides of the joints, those which recede from the surface'. 

Right angle, an angle of ninety degrees. 

Right arch, an arch of which the intrados is perpendicular to the face. 

Right cone, that of which its axis is perpendicular to the base. 

Right section, the section of a body at right angles to the axis. 

Right trehedral, a trehedral having one of its angles a right angle. 

Ring-stones, the stones which appear in the face and intrados of an 
arch. 

Ruler surface, a curved surface on which two parallel straight lines may 
be drawn through any two given points. 

S. 

Section, the figure, formed by cutting a solid by a plane. 

Segment, the part pf a surface or solid containing the upper extremity 
or summit. 

Segment of a circle, a portion of the circle contained by an arc and its 
chord. 

Segment of an ellipse, a portion of an ellipse contained by a part of the 
curve and its chord. 

Segment of a cylinder, a portion cut oflf by a plane parallel to the axis. 

Semi-axis major, the longest diameter of an ellipse. 

Semi-axis minor, the shortest diameter of an ellipse. 

Semi-parameter, half the parameter, or the focal ordinate. 

Semi-cylinder, the half of a cylinder contained by the curved surface 
and a plane passing along the axis. 

Semi-cylindric surface, the whole or a portion of the surface of a cylin- 
der. 

Severies, the compartments of grained ceilings. 

Similar figures or bodies, those which are of the same shape. 

Soffit, the under surface of any part of a ceiling. 

Soffit joiiits, those joints which appear on the under surface. 

Solid, any body whatever. 

Solid angles, angles in which three or more surfaces all meet iu one 
point. 

Solid geometry, tlie consideration of the properties and construction of 
solids. 

Solid of revolution, that which may be generated round an axis. 

Spherical dome, a dome having a spherical surface. 

Spherical niche, a niche of which the surface of the head is spherical. 

Spherical triangle, a triangle of which the surface is spherical. 
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I 

Spiral curves, those consisting of one or more rerolutioiis. 

Spiral joints, those joints which run in a spiral line.. 

Spiral surface, a ruler surface, of which the direction of the straight 
lines tend to an axis, such are the soffits of winding stairs. 

Splayed, a bevelled jamb. 

Springing plane of an arch lor vault, the plane from which the first 
arch-stones rise. 

Squaring a stone, is the form to which it is made in order to apply the 
moulds^ so as to obtain its ultimate form as inserted in the building. 

Sione-^nitting, the art of reducing stones to their intended form. 

Straight edge, a rule with a straight edge for trying a surface. 

Straight vaults, those which have their axis straight. 

Straight walls, those which have plane surfoces. 

Surface of revolution, such as may be generated round an axis. 

Surmounted arch, an arch or vault of greater height than half its width. 

T. 

Tallus line, the battering line of a wall. 

Tangent, a straight line which touches a curve without being able to 
cut it. 

Tangtnt plane, a plane which touches a curved surface mthout being 
able to cut it. 

Third proportional, the fourth term of four proportionals, when the two 
middle terms are equal ; it is called a third proportional. 

Traces of a plane, the intersections of an oblique plane with the hori- 
zontal and vertical planes of projection. 

Transverse axis, the longest diameter of an ellipse. 

Trehedral, a solid angle consisting of three plane angles. 

Triangle, a figure consisting of three equal sides. 

Trying edge, the edge of a rule for trying a given surface. 

U. 

Uniform conic surface, the surface of a right cone* 
Uniform cylindric surface, the surface of a right cylinder. 
Upper bed of a stone, the side of the stone which comes in contact with 
that above it. 

V. 

VauU, a concave ceiling. 

Vertex, the summit of any thing. 

Vertex of a cone, the point in which the surface ends. 
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Vertical angle, the oppmite angle. 
Vertical of a batter, the perpendicular distance. 
Vertical plane, a plane perpendicular to the horizon. 
Vertical plane of projection, the plane on which the elevation is made. 
Vertical prqfectant, the distance of a point from its projection^ in the 
horizontal plane of projection. 

Vertical projection, the elevation of an object. 

Vertical trace, the trace of a plane in the vertical plane of projection. 

Vertical wall, an upright wall. 

W. 

WaU in tallus, a battering wall. 
Winding joints, spiral joints. 
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